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In order to meet the wishes of teachers and scholars, and 
to better proportion the time available in schools and acade- 
mies for instruction in the department of physical science, it 
has been deemed expedient to make a division of the pres- 
ent work into two parts, each part complete in itself, and 
treating of its special subjects. ‘The work has accordingly 
been so divided as to include in the first part the discussion 
of matter and its general properties, the attraction of gravita- 
tion, and the elementary principles of pneumatics, hydraulics, 
and hydrostatics. In the second part will be found the 
theory of the forces known as heat, light, electricity, and 
magnetism, together with the principles of acoustics. 

The convenience of this division will without doubt be 


recognized and appreciated. 





NATURAL PHILOSOPHY. 


INTRODUCTION. 


I. Natural Philosophy is that department of science 
Which treats of all those phenomena or wie 
appearances observed in masses of matter ural philoso- 
in which there is no change in the com- °”? 


position of the body. 


- 2. Chemistry, on the contrary, treats of all those 
phenomena observed to take place in mi- What is 
nute particles, or portions of matter, in chemistey? 
which there is a change in the character and compo- 
sition of the matter itself. 

3. A falling body, the motion of our limbs or of 
machinery, the flow of liquids, the occur- Whaterce 
rence of sound, the changes occasioned by Beats ee 
the action of heat, light, and electricity, of natural 
are all examples of phenomena which are PhilesoPhy? 


referred to the department of natural philosophy. 


- 


Strictly speaking, we have no right, in natural philosophy, to con- 
ceive or imagine any thing; for the truths of all ifs laws and princi- 
ples may be proved by direct observation; that is, by the use of our 
senses. When we conceive, reason, or imagine, concerning the proper- 
ties of matter, we have in reality passed beyond the limits of natural 
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2 NATURAL PHILOSOPHY. 


philosophy, and entered upon the application of the laws of mind or 
of mathematics to the principles of natural philosophy. Practically, 
however, no such division of the subject is ever made. 

The truths and operations of chemistry, in contradistinction to the 
truths and operations of natural philosophy, cannot all be proved and 
made evident by direct observation. Thus, when we unite two pieces 
of machinery, as two wheels, or when we lift a weight with our hands, 
or move a heavy body by a lever, we are enabled to see exactly how 
the different substances come in contact, how they press upon one 
another, and how the power is transmitted from one point to another. 
These are experiments in natural philosophy in which every part of 


the operation is clear to our senses. But when we mix alcohol and . 


water together, or burn a piece of coal in a fire, we see merely the 
result of these processes; and our senses give us no direct information 
of the manner in which one particle of alcohol acts upon another par- 
ticle of water, or how the oxygen of the air acts upon the coal. These 
are experiments in chemistry, in which we cannot perceive every part 
of the operation by means of our senses, but only the results. Had 
there been but one kind of substance or matter in the universe, the 
Jaws of natural philosophy would have explained all the phenomena 
or changes which could possibly take place; and, as the character or 
composition of this one substance could not be changed by the action 
of any different substance upon it, there could be no such department 
of knowledge as chemistry. 


4. The term Physics is often used instead of the 
What is term “natural philosophy,” both having 


tb ° ° e 4 
ean ’Y the same general meaning and signtfica- 


“physics”? tion. It is also customary to speak of 
“physical laws,” “physical phenomena,” and “physi- 
cal theories,” instead of saying the laws, phenome- 
na, and theories of natural philosophy. 

5. A Physical Law is the constant relation which 
Whatare exists between any phenomenon and its 
physica’, _ cause. A Physical Theory is an exposition 


theories? = of all the laws which relate to a particular 
class of phenomena. 
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Thus, when we speak of the “theory” of heat, or of electricity, we 
have reference to a general consideration of the whole subject of heat 
or electricity ; but when we use the expression, a “law” of heat, of 
light, or of electricity, we have reference to a particular department of 


‘the whole subject. 
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CHAPTER I. 
MATTER, AND ITS GENERAL PROPERTIES. 


1. Matter is the general name which has been given 
Whatis mat. to that substance which, under an infinite 
teu variety of forms, affects our senses. We 
apply the term “matter” to every thing that occu- 
pies space, or that has length, breadth, and thickness. 

2. It is only through the agency of our five senses 
How do we (hearing, seeing, smelling, tasting, and feel- 
know that : 
any thingex- Ing) that we are enabled to know that any 
ists ? matter exists. A person deprived of all 
sensation could not be conscious that he had any 
material existence. 

Whatis.a 3. A Body is any distinct portion of 
Body. matter existing in space. 
ed roperties or the qualities 

Whatarethe a The PIOE a iS © of 
properties of matter are the powers belonging to it 
matter ? . o,° ‘ . 

which are capable of exciting in our mind 
certain sensations. 

It is only through the different sensations which different substances 
excite in our minds, or, in other words, it is by means of their different 
properties, that we are enabled to distinguish one form or variety of 
matter from another. 3 

The forms and combinations of matter seen in the animal, vegetable, 
and mineral kingdoms of nature are numberless; yet they are all com- 


posed of a very few simple substances or elements. 
4 








MATTER, AND ITS GENERAL PROPERTIES... 


s, By a simple substance we Mean ON ica 
which has never been derived from, or simple sub- 
: ° stance ? 
separated into, any other kind of matter. 
Gold, silver, iron, oxygen, and hydrogen are examples of simple 


substances OF elements, because we are unable to decompose them, 
convert them into, or create them from, other bodies. 


6. The number of the elements or sim- what is the 
ple substances with which we are at present f’mpsr ot 
(1879) acquainted is sixty-four. ments ? 

7, These substances are not all equally distributed 
over the surface of the earth: most of sow distrib. 
them are exceedingly rare, and only known “*e¢? 
to chemists. Some ten or twelve only make up the 


great bulk or mass of all the objects we see around 


=«US. 


All the different forms and varieties of matter are in some respects 
alike; that is, they all possess certain general properties. Some of 
these properties are essential to the very existence of a body; others 
are non-essential, or a body may exist without them. Thus it is essen- 
tial to the existence of a body that it should occupy a certain amount 
of space, and that no other body should occupy the same space at the 
same time; but it is not necessary for its existence that it should pos- 
sess color, hardness, malleability, and the like non-essential properties. 


8. The following are the general properties of 


matter: Magnitude or Extension, Impene- whatarethe 


general prop- 


trability, Divisebilety, Porosity, Compresst- eries of mat. 
bility, Inertia, and [ndestructibility. rene 

9. By Magnitude we mean the property of occupying 
space. We cannot conceive that a portion whatis 
of matter should exist so minute as to have ™asnitude? 
no magnitude, or, in other words, to occupy no space. 


The surfaces of a body are the external limits of its magnitude; 
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6 NATURAL PHILOSOPHY. 


the size of a body is the quantity of space it occupies; the area of a 
body is its quantity, or extent of surface. 

The figure of a body is its form or shape, as expressed by its 
boundaries or terminating extremities; the vo/ume of a body is the 
quantity of space included within its external surfaces. The figure 
and volume of a body are entirely independent of each other. Bodies 
having very different figures may have the same volume, or bodies of 
the same figure may have very different volumes. Thus a globe may 
have ten times the volume of another globe, and yet have the same 
figure; or a globe and a cylinder may have the same volume, — that is, 
may contain the same amount of matter within their surfaces, — but 
possess very different figures. 


10. By /mpenetrability we mean that property or 
ee eine quality of matter which renders it impos- 
penetrabil- sible for two separate bodies to occupy the 
ne same space at the same time. 


There are many instances of apparent penetration of matter, but in 
all of them the particles of the body which seem to be penetrated are 
merely displaced. When a nail is driven into a piece of wood, the 
particles of wood are not penetrated, but metely displaced. If a 
needle be plunged into a vessel of water, all the water which pre- 
viously filled the space into which it entered will be displaced, 
and the level of the water in the vessel will rise to the same height 
as it would have done had we added a quantity of water equal 
in volume to the bulk of the needle. When we walk through the 
atmosphere we do not penetrate into any of the particles of which 
the air is composed, but we merely push them aside, or displace 
them. If we plunge an inverted tumbler into a vessel of water, 
the air contained in it will prevent the water from rising in the 
glass; and, notwithstanding the amount of pressure we may exert 
upon the tumbler, it cannot be filled with water until the air is 
removed from it. 3 


11. By Divisibility we mean that property which 
What is di. Matter possesses of being divided, or sepa- 
visibility? rated into parts. The divisibility of matter 
is not infinite, but has a limit. 
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The extent to which matter can be divided, and yet be perceived by 


the senses, is most wonderful. Rees 
A grain of musk has been kept freely exposed to the which mat- 


; i ter can be di- 
om, of which the door and windows were ‘°° 
pigeon. vided. 


ait 5 2 
constantly kept open, for a period of two years, during 
all which time the air, though constantly changed, was densely impreg- 
nated with the odor of musk; and yet at the end of that time the 
particle was found not to pave greatly diminished in weight. During 
all this period, every particle of the atmosphere which produced the 
sense of odor must have contained a certain quantity of musk. 

In the manufacture of silver-gilt wire used for embroidery, the 
amount of gold employed to cover a foot of wire does not exceed the 
720,000th part of an ounce. The manufacturers know this to be a 
fact, and regulate the price of their wire accordingly. But, if the gold 
which covers one foot is the 720,o00th part of an ounce, the gold on 
an inch of the same wire will be only the 8,640,ocoth part of an 
ounce. We may divide this inch into one hundred pieces, and yet see 
each piece distinctly without the aid of a microscope: in other words, 
we see the 864,000,000th part of an ounce. If we now use a micro- 
seope magnifying five hundred times, we may clearly distinguish the 
432,000,000,000th part of an ounce of gold, each of which parts will 
be found to have all the characters and qualities which are found in 
the largest masses.of gold. . 

Some years since a distinguished English chemist made a series of 
experiments to determine how small a quantity of matter could be 
rendered visible to the eye; and by selecting a peculiar chemical com- 
pound, small portions of which are easily discernible, he came to the 
conclusion that he could distinctly see the billionth part of a grain. 

In order to form some conception of the extent of this subdivision 
of matter, let us consider what a billion is. We may say a billion is 
4 million of millions, and represent it thus, 1,000,000,000,000 ;_ but the 
mind is incapable of conceiving any such number. If a person were 
to count at the rate of two hundred in a minute, and work without 
intermission twelve hours in a day, he would take, to count a billion, 
6,944,944 days, or more than 12,000 years. But this may be nothing 
to the division of matter. There are living creatures so minute, that 
a hundred millions of them may be comprehended in the space of a 
cubic inch. But these creatures, until they are lost to the sense of 
sight, aided by the most powerful instruments, are seen to possess 
arrangements fitted for collecting their food, and even capturing their 


- prey. They are, therefore, supplied with organs; and these organs 



























































8 NATURAL PHILOSOPHY, 

must consist of parts corresponding to those in larger animals, which 
in turn must consist of atoms, or little particles, if we please so to 
term them. In reckoning the size of such atoms, we must not speak 
of billions, but of billions of billions. Such a number can be repre- 
sented thus, 1,000,000,000,000,000,000,000,000; but the mind can form 
no rational conception of it.* 


Ania. 12, Matter is supposed to be made up 


matter sup- of exceedingly small particles, to which 
posed to be 


composed? the name atoms has been given. 


The atoms of each elementary substance are believed to be alike in 
shape, weight, color, &c.; but the atoms of each element differ essen- 
tially from those of every other element. These atoms cannot be 
divided by physical medns, nor are they in contact with one another, 
but are separated by spaces which are great in comparison to their 
supposed size, and within which they are continually vibrating. 


13. A molecule is a particle of matter composed - 


Whine OL avgroup of two: er 
molecule?""=more atoms. -Mole= 
cules may be broken up into 
their constituent atoms by 
chemical means. 

14. Porosity is the property 
in virtue of which spaces exist 
Whatispo. Detween the atoms 
rosity ? and between the mol- 
ecules of bodies. When these 
spaces are large they are called 
sensible pores, as in wood or 
sponge; when they are very 
small they are termed physical 
pores, and are invisible to the 
naked eye, as in gold or lead. 








* The billion is here used according to the English notation. — Vzde Webster. 
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That leather is porous the following experiment proves. A long 
nder (Fig. 1) is surmounted by a metal cup with a leather 
bottom. On filling the cup with mercury, and exhausting the air from 
the cylinder by means of an air-pump, the mercury Is forced through 
the leather, and falls in a fine shower to the bottom of the cylinder. 
The porosity of liquids may be proved by mixing together equal 
measures of alcohol and water; when the resulting mixture will be 


found to occupy less space than its two constituents did separately. 


15. By Density we mean the proportion which 
exists between the quantity of matter whatisden- 
contained in a body and its magnitude or 


sity ? 


size. Thus, il, of two substances, one contains twice 
as much matter in a given space as the other, it is 
said to be twice as dense. 

There is a direct connection between the density of a body and 


its porosity. A body will be more or less dense according as its par- 
ticles are arranged closely together, or are separated from each other: 


and hence it is clear, that, the greater the density, the less the porosity ; 


and the greater the porosity, the less the density. 


16. The reasons for believing that the atoms of 
matter do not actually touch each other aie 
are, that every form of matter can by press- SAUe nee en 
ure be made to occupy a smaller space of pores in 
than it originally filled. Therefore, as no ee naten 
two particles of matter can occupy the same space at 
the same time, the space by which the size or vol- 
ume of a body may be diminished by pressure must, 
before such diminution took place, have been filled 
with openings, or pores. Again: all bodies expand 
or contract under the influence of heat and cold. 
Now, if the atoms were in absolute contact with 
each other, no such movements could take place. 

































































IO NATURAL PHILOSOPHY. 


I 7 By Compressibility we mean that property of 
matter in virtue of which a body allows 
What is : : Bios dae : 
compressi- its volume or size to be diminished, with- 
at out diminishing the number of the atoms 
or particles of which it is composed. 


All matter may be compressed. The most solid stone, when 
loaded with a considerable weight, is found to be compressed. The 
foundations of buildings, and the columns which sustain great weights 
in architecture, are proofs of this. Metals, by pressure and hammer- 
ing, are made more compact and dense. Air, and all gases, are sus- 
ceptible of great compression. Water, and all liquids, are much less 
easily compressed than either solid or gaseous bodies. 


18. Again: if the particles of matter of which a 
Whatisex- body is composed do not touch each other, 
pansibility? it is clear that they may be forced farther 
apart. This we find to be the case with all matter. 
Expansibility is, therefore, that property of matter 
in virtue of which a body allows its volume or size 
to be increased, without increasing the number of 
the atoms or particles of which it is composed. 


All bodies, when submitted to the action of heat, expand, and 
Illustrations OCCUPY 2 larger space than before. To this increase in 
of expansi- dimensions there is no limit. Water, when sufficiently 
bility. heated, passes into steam; and the hotter the steam, the 
greater the space it will occupy. 


19. /nertia signifies the total absence in a body of 
Whatisin- ll power to change its state. If a body 
extia ¢ is at rest, it cannot of itself commence 
moving; and, if a body be in motion, it cannot of 
itself stop, or come to rest. Motion, or cessation of 
motion, in a body, therefore, requires a power to exist 
independent of itself. 
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It is obvious, from the definition given, that, when a body is once 
put in motion, its inertia will cause it to continue to move until its 
movement is destroyed or stopped by some other force. 

A ball fired from a cannon would move on forever, were it not for 
the resistance or friction of the air and the attraction of the earth. 


20. By Friction we mean the resistance which a body 
meets with from the surface on which, whatis 
or the medium through which, it moves, *istion? 


A marble rolled upon a carpet will move but a short distance, on 
account of the roughness and unevenness of the surface. Its motion 
would be continued much longer on a flat pavement, and longer still on 
fine, smooth ice. If friction, the attraction of the earth, and the 
resistance of the air, were entirely removed, the marble would move 
on forever. 

Owing to the property of inertia, or the indifference of matter to 
change its state, we find it difficult, in running, to stop wat are 
all at once. The body tends to go on, even after we examples of 
have exerted the force of our muscles to stop. We inertia ? 
take advantage of this property by running a short distance when 
we wish to leap overa ditch or chasm, in order that the tendency to 
move on, which we acquire by running, may help us in the jump. For 
the same reason, a running-leap is always longer than a standing one. 

Many of the most frightful railroad-accidents which have happened 
are due to the laws of inertia. The locomotive, moving rapidly, is 
suddenly checked by an obstruction, collision, or breakage of ma- 
chinery; but the cars, in virtue of the velocity previously acquired, 
continue to move, and, in consequence, are driven into or piled upon 
each other. 

For the same reasons, the wheel of an engine continues to pursue 
its course for a time after the driving force has stopped. This prop- 
erty is taken advantage of to regulate the motions of machinery. A 
large, heavy wheel is used in connection with the machinery, called a 
fly-wheel. ‘This heavy wheel, when once set in motion, revolves with 
great force; and its inertia causes it to move after the force which has 
been imparted to it has ceased toact. A water-wheel or a steam-engine 
rarely moves uniformly; but as it is not easy, on the instant, either to 
check or increase the movement of the heavy wheel, its motion is 
steady, and causes the machinery to which it is attached to work 







































































[2 NATURAL PHILOSOPHY. 


smoothly and without jerking, even if the action of the driving force 
be less at one moment than at another. 


21. All the researches and investigations of mod- 
Is matterin. erm science teach us that it is impossible 
destructible? for any finite agent to either create or de- 
stroy a single particle of matter. The power to cre- 
ate and destroy matter belongs to the Derry alone. 
The quantity of matter which exists in and upon the 
earth has never been diminished by the annihilation 
of a single atom. 


When a body is consumed by fire, there is no destruction of matter : 
it has only changed its form and position. When an animal or vege- 
table dies and decays, the original form vanishes; but the particles of 
matter of which it was once composed ‘have merely passed off to 
form new bodies, and enter into new combinations. 


Practical Questions on the Properties of Matter. 

x. Are the pores of a body entirely empty, vacant spaces ? 

The pores of a body are often filled with another substance of a 
different nature. Thus, if the pores of a body be greater than the 
atoms of air, such a body being surrounded by the atmosphere, the air 
will enter and fill its pores. 

2. When a sponge is placed in water, that liquid appears to penetrate it. Does the 
water really enter the SoLiD particles of the sponge ? 

It does not: it only enters the fores, or vacant spaces between the 
particles. 


3. Why do bubbles rIsE to the surface when a piece of sugar, wood, or chalk, is 
plunged under water ? 


Because the azr previously existing in the pores becomes displaced 
by the water, and rises to the surface as bubbles. 


4. What occasions the SNAPPING of wood or coal when laid upon the fire ? 


The air or liquid contained in the pores becomes expanded by heat, 
and bursts the covering in which it is confined. 


™ 5. How is water, or any other liquid, made PuRE by filtering through paper, cloth, 
a layer of sand, rock, &c. ? 


The process of filtration depends on the presence of pores in the 


MATTER, AND ITS GENERAL PROPERTIES. 13 


substance used as a filter, of such magnitude as to-allow the particles 
of liquid to pass freely, but not the particles of the matter contained 
in it which we wish to separate. 

6. Gold and lead are metals of great density : their pores are not visible. Is there 
any PROOF of their existence, beside the fact that they can be compressed ? 

Water can be forced mechanically through a plate of lead or gold 
without rupturing any portion of the metal. Mercury, or quicksilver, 
confined in a dish of lead or gold, will soak through the pores, and 
escape at the bottom. 

An interesting experiment was tried at Florence, Italy, nearly two 
centuries ago, which furnished a striking illustration of the porosity of 
so dense a substance as gold. A hollow ball of this metal was filled 
with water, and the aperture exactly and firmly closed. The globe 
was then submitted to a very severe pressure, by which its figure was 
slightly changed Now, it is proved in geometry that a globe has this 
peculiar property, that any change whatever in its figure necessarily 
diminishes its volume or capacity. The result was, that the water 
oozed through the pores, and covered the surface of the globe, pre- 
senting the appearance of dew, or steam cooled by the metal. This 
experiment also proved that the pores of the gold are larger than the 
elementary particles of water, since the latter are capable of passing 
through them. 


7, When a CARRIAGE is in motion, drawn by HORSES, why is the same exertion, of 
power in the horses required to stop 1T as would be necessary to BACK IT if it were at 


- yest ? 


Because, according to the laws of inertia, the force required to 
destroy motion in one direction is egua/ to that required to produce as 
much motion in the opposite direction. , 

8. If a carriage, railroad-car, or boat, moving with speed, be suddenly STOPPED OR 
RETARDED from any cause, why are the passengers or the baggage carried precipitated 
from their places in the DIRECTION OF THE MOTION ? 

Because, by reason of their zvertia, they persevere in the motion 
which they shared in common with the body that transported them, 
and are not deprived of that motion by the same cause. 


g. Why will a person, leaping from a carriage in rapid motion, fall in the direc- 
tion in which the carriage is moving, at the MOMENT his feet meet the ground ? 

Because his entire Jody, on quitting the vehicle, and descending to 
the ground, retains, by its zxertia, the progressive motion which it has 
in common with it. When his feet reach the ground, they, and they 
alone, will be suddenly deprived of this progressive motion by the 






















































































T4 NATURAL PHILOSOPHY. 


resistance of the earth; but the remainder of his body will retain it, 
and he will fall as if he were tripped. 

10. Why is a man, standing carelessly in the STERN of a boat, liable to fall into the 
water behind when the boat begins to move ? 

Because his fee¢ are pulled forward, while the zzertia of his body 
keeps it in the same position, and therefore behind its support. For a. 
similar ®eason, when the boat stops, the man is liable to fall forward. 


11. When the sails of a ship are first spread to receive the FORCE or IMPULSE 0! 
the wind, why does not the vessel acquire her full speed at once? 

Because it requires a little time for the zmpelling force to overcome 
the zzertza of the mass of the ship, or its disposition to remain at rest. 


12. Why, when the sails are taken in, does the vessel continue to move for a con- 
siderable time ? 

Because the zxertia of the mass is opposed to a change of state, and 
the vessel will continue to move until the resistance of the water over- 
comes the opposition. 

13. Why do we KICK against the door-post to SHAKE the snow or dust from our 
SHOES ? 

The forward motion of the foot is arrested by the impact against 
the post; but this is not the case with respect to the particles of dust 


or snow which are not attached to the foot, and are free to move. 
According to the laws of inertia, they tend to persevere in the direc- 


tion of the original motion; and when the foot stops they move on, or 
fly off. 


CHAPTER II. 


FORCE. 


22, Matter is constantly changing its form and 
The most solid substance will in oe 


way. The air about wus is constantly 
changing ? 


place. 
time wear a 
never perfectly still. We see water some- : 
times as ice, sometimes as a liquid, sometimes as a 
vapor, in steam or clouds. The earth moves sixty- 
eight thousand miles every hour. An animal or 
vegetable dies, decays, and its form vanishes from 
our sight. | 
23. As the cause of all the changes ob- ee 

served to take place in the material world, cause do we 
we admit the existence of certain forces, SS oi 


’ 1 all served in 
or agents, which govern and control all servie ® 


matter. 
24. Force is whatever produces or Op- whatis 


poses motion in matter. | forces 

28. Mobility, or the susceptibility of motion, 1s that 
property whereby a body admits of change whatis 
of place. mobility? 

26. All the great forces or agents in nature, those 
which produce or are the cause of all the ba eee 
changes which take place in matter, may great ane 
be enumerated as follows: Jnternal or ™""*"** 
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16 NATURAL PHILOSOPHY. 


Molecular Forces, the Attraction of Gravitation, Heat 
and Light, Electricity” (including Magnetism), and, 
finally, a force or power which only exists in living 
animals and plants, which is called Vztal Force. 


Concerning the real nature of these forces we are entirely ignorant, 
What dowe YW Suppose, or say, they exist, because we see their 
know ofthe effects upon matter. ; 

Pe, We see a stone fall to the ground, and say that the 

" cause of it is the attraction of gravitation; we observe 
an object at a distance, and say that we see it through the action of 
light on the eye; we notice a tree shattered by lightning, and say it is 
the effect of electricity; we observe an animal or plant to grow and 
flourish, and ascribe this to the action of the vital force. But if it is 
asked, “ What is the original cause of gravitation, light, electricity, and 
vital farce?” the wisest man can give no satisfactory answer. If the 
Creator governs matter through the agency of instruments, these forces 
may be called his agents or his instruments. 


* Heat, light, electricity, magnetism, and chemical attraction, are, by some, all 
ranked as molecular forces. 


CHAPTER lit, 
TYNTERNAL OR MOLECULAR FORCES. 


27. AN Internal or Molecular Force is one that acts 
upon the particles of matter only at in- What is an 
sensible distances. This variety of force Pitter 
differs from all others in this respect. force? 

28. The various changes which matter undergoes 
render it certain that the atoms or parti- See 
cles of all bodies are acted upon by two traction and 
distinct and opposite forces, one of which eee 
tends to draw the atoms, or particles, close together, 
while the other tends to separate. them from one 
another. The first of these forces we call Attraction, 
the second Repulsion, both acting at insensible dis- 
tances. 

29, We distinguish three kinds of attraction acting 
upon the particles of bodies at insensible whatarethe 


" 5 ° th kinds 
distances. These are, Cohesion, Adhesion, 5. \no\ecular 


land A ffintty See attraction ? 


30. Cohesion, or Cohesive Attraction, is that ..... 
force which binds together molecules of cohesive 
‘ ° attraction 
the same kind to form one uniform mass. 


The force which holds together the atoms of a mass of iron, wood, 
or stone, is cohesion; and the atoms are said to cohere to each other. 
17 
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18 NATURAL PHILOSOPHY. 


31. Adhesion is that form of attraction which exists 
Hie between unlike particles of matter when 
adhesion? jin contact with each other. 


Dust floating in the air sticks to the wall or ceiling through the 
force of adhesion. When we write on a wall with a piece of chalk or 
charcoal, the particles, worn off from the material, stick to the wall, 
and leave a mark, through the force of adhesion. Two pieces of wood 

| may be fastened together by means 
of glue, in consequence of the adhe- 
sive attraction between the particles 
of the wood and the particles of 
glue. . 

If a brass disk be laid flat upon the 
surface of water, on lifting it the water 
will be raised to a small distance, as 
shown in Fig. 2. In this case the ad- 

ita iy hesion of the particles of water to the 
=== === disk isso strong as to partly overcome 
the cohesion of the liquid particles 

- among themselves. 





32. Capillary attraction is that form of 
What is cap- : pies 
illary attrac- attraction which exists between the parti- 
tion ? Ly Fe eter cheep 
clés ofa liquid and a solid. 


Capillary attraction is a form of adhesion. [S 267.] 


33. Affinity is that form of attraction which unites 
Whatis . atoms of unlike substances into compounds 
affinity? _ possessing new and distinct properties. 


_ Oxygen, for example, unites with iron, and forms iron-rust, a sub. 
stance different from either oxygen or iron. The consideration of the 
attraction of affinity belongs wholly to chemistry. 
een _ 34. According as the attractive or repul- 
threeforms sive forces prevail, all bodies will assume 
or conditions as 


does all mat- One of three forms or conditions, —the 
terexist ? aig mere ae 
oe solid, the liquid, or the gaseous condition. 


exi 


"strongest: the particles keep their places, 
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m35..f4 solid body is one in which the particles of 
matter are attracted so strongly together, What is a 
that the body maintains its torm,on figure; 8°06? 
under all ordinary circumstances. 

26. A liquid body is one in which the particles of 
matter are sO feeoly attracted together, whatisa 
that they move upon each other with the ae 


oreatest facility. 
5 Hence a liquid can never be made to assume any particular form, 


except that of the vessel in which it is enclosed. 
37, A gaseous body is one in which the particles 
not held together 


” force of attraction, but have a tendency to gaseous 


‘ body ? 
separate and move off from one another.* Z 

A gaseous body is generally invisible, and, like the air surrounding 
us, affords to the sense of touch no evidence of its Whatareeke 
stence when in a state of complete repose. Gaseous properties of 
bodies may be confined in vessels, from whence they a gaseous 

iqui her bodi hus d - body ? 

exclude liquids, or other bodies, thus demonstrating 


their existence, though invisible, and also their impenetrability. 


' 38. Most substances can be made 40 assume suc- 


cessively the form of a solid, a liquid, ora 
a ; . i 4 Under what 
gas. In solids, the attractive force is the circum. 


stances will 
a body as- 


and the solid retains its form. But, if we sume the 
. é Orm otra 
heat the solid to a sufficient degree, —as, solid, a liq- 
: 3 uid, or a gas? 
for example, a piece of iron, —we gradually 
destroy the attractive force, and the repulsive force 


* The molecules of all bodies are supposed to be continually in motion. Ina 


) liquid or gaseous body the motion is such, that the molecules are free to move among 


themselves; each molecule suffering at the same time impact against any other mole- 


; a cule which obstructs its path. In a solid the molecules merely vibrate back and forth 
» Over some mean position. This may-be illustrated by supposing a body, suspended in 


the middle of a room, to be held by elastic bands to the ceiling, floor, and walls. On 


"Moving it, it will vibrate about its original position, but will always return to its place, 































































































22 NATURAL. PHILOSOPHY. 


We might suppose that ductility and malleability would belony to 
the same substances, and to the same degree; but they do not. Tin 
and lead are highly malleable, and are capable of being reduced to 
extremely thin leaves; but they are not ductile, since they cannot be 
drawn into fine wire. Some substances are both ductile and malleable 


in the highest degree. Gold has been drawn into wire so fine, that an 
ounce of it would extend fifty miles. 


45. Elasticity is that property of matter which dis- 
Whatiselas- POS€S it to resume its original form and 
preity. Shape after having been bent or com: 
pressed by some external force. 


All bodies possess the property of elasticity, but in very. different 
Do all bodies “egrees. There are some in which the atoms, after 
possess elas- bending, or displacement, almost perfectly resume their 
ticity ? former position. Such bodies are especially termed 
elastic, as tempered steel, India-rubber, ivory, &c. Other bodies, 
like iron, lead, &c., are elastic in a limited degree, not being able to 
bear any great displacement of their atoms without breaking, or per- 
manent disarrangement. Putty, moist clay, and similar bodies, pos- 
sess a very slight degree of elasticity. 
How may Elasticity may be developed by three methods: by tension, 
elasticity be by torsion, and by flexure; or by stretching, by twisting, 
sovcloped ond by bending. Compression also may develop elasticity. 

India-rubber, the strings of a piano or violin, afford instances of the 
first method. Elasticity by torsion is developed in a thread of silk or 
cotton when it untwists. This property is used for a very delicate test 
and measure of force. Elasticity by bending is shown by all kinds of 
springs. The rebounding of a rubber ball when thrown against the 
side of a building, or of an ivory ball when allowed to fall upon a metal 
plate, is due to elasticity. The particles of the rebounding body are 
first compressed, and then expand with sufficient force to cause the re- 
bound. Air may be compressed so as to occupy one-tenth of its original 
volume; but, on removing the pressure, it will regain its former bulk. 

46. When an iron wire is bent till it breaks, it-is said to be Sorced, 
Whatisthe OF to have been bent beyond its limit of elasticity. The 
limit of elas- Molecules of the body have been forced into a new 
ticity of a arrangement, so that elasticity no longer acts on them 
bodye in the same direction as before, and a permanent change 
of form results. Timbers, plates of glass or steel, supported only at 
the ends, will, after a time, become permanently curved. 
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47. Tenacity is that property in virtue of which a 
body resists separation of its parts, by Whatis 
| ysion in the direction of its length. | 
a Hardness is a property in virtue. of which the 
icles of a body resist impression, sepa whatis 


, - ie hardness ? 
tion, or the action of any force which h@ 
fa ’ 


tends to change their form or arrangement. : 
49. A body whose particles can be renioved, and 


hanged in position, by a slioht: degree sOr isa | 
: rce, is said to be soft. Softness is, there-. body soft? — 
orce, | 


fore, the opposite of hardness. es 


The property of hardness is quite distinct from ee fad Bs 
Jead possess great density; yet they are among ie ae oS of : are 
hen employed in the arts, gold is rendered hard: y the a 
eee er. The diamond is the hardest of all bodies. _ Hard.sub- 
Pee cach a emery and pumice, when in the form of powder, are 
b 


used for polishing other bodies. sates 
so, Brittleness is a property in virtue of wine 
bodies are easily broken into fragments. Whatis 
It is a characteristic of most hard sub- st 


stances. 


| : ive e atoms exists 
In a brittle body, the attractive force between th ) 


narrow limits, that a very slight change of position, or 


within such ee 


‘ncrease of distance among them, is sufficient to overcome it, a 
body breaks. | 
ect. Lhe modifications :of t : | 
the particles of matter, which give rise to the pro ane 
bility, ductility, elasticity, hardness, and brittleness, a 0 ae 
i orm .O 
sted -wi - depend upon, the. particular the 
mately connected with, o1 : Cie 
Brome of the substance, and the particular manner In W hich they are 


he force of cohesive attraction between 
perties of mallea- 


- arranged. es 
ae one knows that it is easier to split wood lengt 


across the fibers: hence the force’ which binds the particles of Me 
: e . . . m e 
wood together is exerted ina less degree in one direction than:in t 


hwise than 


other. 
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24. NATURAL PHILOSOPHY. 


By changing the form or arrangement of the atoms of a substance, 
we can in many instances apparently renew or destroy 
Pxplain/how the various modifications of the attractive force. ‘The 
fee once following is a familiar illustration of this principle :— 
attraction 
depends on Steel, when heated and suddenly cooled, is rendered 
the arrange- not only very hard, but very brittle ; but, if heated and 
ment of the ; : 
Sana: cooled gradually, it becomes soft and flexible. We 
may suppose that when the atoms of steel are expanded 
— forced apart from each other — by the action of heat, and then sud- 
denly caused to contract —forced in upon each other—by cooling, 
no opportunity is afforded them for arrangement in a natural man- 
ner; but, when the steel is cooled slowly, each atom has an oppor- 
tunity to take the place best adapted for it, without interfering with 
its neighbor. According to one arrangement of the atoms, the steel 
is brittle, or the atoms will not admit of any motion among them- 
selves without breaking ; but, according to a different arrangement, the 
attractive force is modified, and the steel is soft and flexible. In a 
similar manner, bricks stacked up irregularly may be made to fall 
easily; but, if piled in a regular manner, they retain their stability. 
Thus steel may, under the influence of different circumstances, be so 
Soft as to take impressions from a metal stamp, or may be nearly as 
hard as the diamond. 

It is a very singular circumstance, that the same operation of heat- 
ing and cooling suddenly, which hardens steel, should soften copper. 
A piece of steel which has been hardened in this way is not condensed, 
made smaller, as we might have supposed it would be, but is actually 
expanded, or made larger. This proves that the arrangement of the 
atoms, or particles, has been changed. Any one may satisfy himself 
of this by taking a piece of steel, fitting it exactly into a gauge, or 
between two fixed points, and then hardening it. It will then be found 
that the steel will not go into the gauge, or between the fixed points. 


52. The process ot rendering metals, glass, &c., 
Whatisan- SOft and flexible by heating and gradually 
nealing? _ cooling, is called Annealing, and is of great 
importance in the arts. 


For example, the workman, in fashioning and shaping a steel 
instrument, requires it to be soft and flexible; but in using it after it 
has been constructed, as for the cutting of stone, wood, &c., it is 
necessary that it should be hard. This is accomplished by making 
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the steel soft by annealing, and then rendering it hard by heating and 
cooling quickly.* 

53 When the attraction of cohesion between the 
particles of a substance is once destroyed, SOLA Nowane 


it is generally impossible to restore it. SO ESA 
traction o 
Having once reduced a mass of wood or ¢ohesion 


Z when de- 
stone to powder, we cannot make the es 
minute particles cohere again by pushing 
them into their former position. 


In some instances, however, this can be accomplished by resorting 
to various expedients. The particles of the metals may be made to 
again cohere by melting. Two pieces of perfectly smooth plate-glass 
or marble, laid upon each other, unite together with such force, that it 
is impossible to separate them without breakage. In the SPeMLE LO ABS 
of looking-glass plates, this attraction between two smooth surfaces is 


particularly guarded against. 


s4. Iron may be made to cohere to iron by heating 
the metal to a high degree, and hammer- What is 
fee the two pieces together. . The par-. ~~ "* 
ticles are thus driven into such intimate contact that 
they cohere, and form one uniform mass. This 
property is called Welding, and only belongs to two 
metals, iron and platinum. 


* There are many practical illustrations, in the arts, of the principle, that the modi- 
fications of the attractive force which unites the atoms of solid bodies together are 
dependent in a great degree upon the forms or arrangement of the atoms themselves. 
If we submit a piece of metal to repeated hammering or jarring, the atoms, or parti- 
cles of which it is composed, seem to take on a new arrangement, and the metal 
gradually loses all its tenacity, flexibility, malleability, and ductility, and becomes 
brittle. The coppersmith who forms vessels of brass and copper by the hammer alone 
can work on them only for a short time before they require annealing; otherwise. they 
would crack, and fly into pieces. 

For this reason, also, acannon can only be fired a certain number of times before 
it will burst; and a cannon which has been long in use, although apparently sound, is 
always condemned and broken up. 

A more important illustration, and one that more closely affects our interests, is the 
liability of railroad-car axles and wheels to break from the same cause.. A car-axle, 
after a long lapse of time and use, is almost certain to break. 
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26 NATURAL PHILOSOPHY. 


. Practical Questions on the Internal or Molecular Forces. . - 


1. In what respect does a gas DIFFER from a liquid ? 


‘A gas is capable of expanding so as to fill any vessel, however 
large; but a liquid cannot do ‘so. 


2. Why is a bar of IRON stronger than a bar of woop of the same size ? 


Because the cohesion existing between the particles of iron is 
greater than that existing between the particles of wood. 


3. Why are the particles of a LIQUID more easily separated than those of a soLIp ? 


Because the cohesive attraction which binds together the particles 
of a liquid is much less strong than es which binds together the par- 
ticles of a solid. 

4. Why will a small needle, carefully laid upon the surface of water, FLOAT ? 


Because its weight is not sufficient to overcome the cohesion of the 
particles of water constituting the surface; consequently it cannot 
pees through them, and sink. 

5. If you drop water and laudanuni trom the same vessel, why will SIXTY drops of 
the water fill the same measure as ONE HUNDRED drops of laudanum ? 

The cohesion between the particles of the two liquids is different, 
being greatest in the water; consequently the number of particles 
which will adhere together to constitute a drop of water is greater 
than in the drop of laudanum. 


6. Why is the prescription of medicine by props an unsafe method ? 


- Because, not only do drops of fluid from the same vessel, and often 
of the same fluid from different vessels, differ in size, but also drops 
of the same fluid, to the extent of a third, from different parts of the 
lip of the same vessel. 


7. Why are cements and mortars used to fasten bricks and stone together ? 


‘Because the adhesive attraction between the particles of brick and 
Stone and the particles of mortar is so strong, that they unite to form 
one solid mass. 

8. How may the efficacy of a locomotive-engine be said to depend upon the force 
of adhesion ? 

If there were no adhesion, or even insufficient adhesion, between 
the tire of the driving-wheel of the locomotive and the rails upon 
which it presses, the wheel would turn without advancing. 

This actually happens when the rails are greasy, or covered with 
frost and ice. The contact is thus interrupted, and the adhesion be- 
tween the rail and wheel is impaired, 
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g. When a liquid adheres to a solid, what term do we apply to designate the act 
of adhesion ? 

“Wetting. It is necessary that a liquid should adhere to the surface 
of a solid before it can be wet. Water falling upon an oiled surface 
does not wet it, because there is no adhesion between the particles of 
the oil and the particles of the water. 

10. Why are drops of rain, of tears, and oe dew upon the leaves of plants, gener- 
ally spherical, or globular ? 

The force of cohesion always tends to cause the particles of a 
liquid, when unsupported, or supported on a surface having little 


attraction for it, to assume the form of a sphere; a globe, or sphere, 


being the figure which will contain the greatest amount of matter 
within a given surface. 

This property of fluids is taken advantage One in the Hae in the 
manufacture of shot. The melted lead is made to fall in a shower 
from a great elevation. In its descent the drops become globular, and, 
before they reach the end of their fall, become hardened by cooling, 
and retain their form. 
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CHAPTER IV. 


ATTRACTION OF GRAVITATION. 


Ras fai. 55. THE Attraction of Gravitation is that 
traction of form of attraction by which a// bodies at sen- 
erevmes®" sible distances tend to approach each other. 


Electricity and magnetism attract bodies at sensible 
ow does distances also; but their influence upon different classes 
gravitation : : ae Bae : 
differfrom Of bodies varies, and is limited by distance. Molecular 
other forms or internal attraction acts only at insensible distances. 
eae The attraction of gravitation acts at all distances, and 

upon all bodies. 


56. Every portion of matterin the universe at- 
Whatisthe tracts every other portion with a force 


great !aw of proportioned directly to its mass, or quan- 
the attrac- 


tion of gravi- tity, and inversely as the square of the 
taecee distance. This is the great general law 
of the attraction of gravitation. 


By the attraction of gravitation being directly proportional to the 
mass of a body, we mean, that if, of two bodies, the mass of one be 
twice as large as that of the other, its force of attraction will be twice as 
great; if it is only half as large, its attraction will be only half as great. 

By the attraction of gravitation being inversely proportioned to the 
square of the distance, we mean that if one body, or substance, 
attracts another body with a certain force at the distance of a mile, it 
will attract with four times that force at half a mile, nine times the 
force at one-third of a mile, and so on in like proportion. On the 


contrary, it will attract with but one-fourth of the force at two miles, 
28 
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one-ninth of the force at three miles, one-sixteenth of the force at 


four miles, and so on, as the distance increases. 


This law may be further illustrated by reference to Fig. 4. Let S be 


the center of attraction, and 
jet the four lines diverging 
from S represent lines of at- 
traction. At a certain dis- 
tance from S they will com- 
prehend the small square A ; 
at twice that distance they 
will include the large square 
B, four times the size of A; 
and, since there is only a cer- 
tain definite amount of attrac- 
tion included within these 
lines, it is clear, that, as B is 
four times as great as A, the 
attraction exerted upon a 


portion of B equal to A will be only one-fourth that which it would 
experience when in the position marked A, just half as far from S. 
As gravitative attraction is the common property of all bodies, it 


may be asked why all bodies not fastened to the earth’s 
surface do not come in contact. They would do so 
were it not for.the overpowering influence of the earth’s 
attraction, which in a great measure neutralizes or 
overcomes the mutual attraction of smaller bodies on its 


a 
surface. 


Why do not 
all bodies up- 
on the 
earth’s sur- 
face come in 
contact ? 


We throw up a feather into the air, and it falls through the influ. 


ence of the earth’s attraction; but, as all bodies attract 
each other, the feather must also attract, or draw up, 
the earth, in some degree, toward itself. This it really 
does, with a force proportioned to its mass; but, as the 


Does a feath- 
er attract the 
earth ? 


mass of the 


earth is infinitely greater than the mass of the feather, the influence of 
the feather is infinitely small, and we are unable to perceive it. 
In. some instances, where bodies are free to move, the mutual at- 


traction of all matter exhibits itself. Two leaden balls 
suspended by a string near each other are found by 
delicate tests to attract each other, and therefore not to 
hang quite perpendicular. A leaden weight suspended 


What are il- 
lustrations of 
mutual at- 
traction ? 


near the side of a mountain inclines toward it to an extent propor- 


tioriate to the magnitude of the mountain (Fig. 5). 































































































32 NATURAL PHILOSOPHY, 
only one-fourth of that weight if removed as far from the surface of 
the earth as the surface is from the center. 


61. As the attraction of gravitation de- 
How does 


weight vary creases downward from the surface to the, 


as we de- 


Bcecddrams «cellter, Of, the earth simplyeas the dis- 


the surface? tance decreases, weight will decrease in 
like manner. : 


A body weighing a pound at the surface of the earth will weigh 
only half a pound at one-half the distance from the surface to the 
center. 


62, At the center of the earth a body will neces- 
ee esi sarily lose all weight, since, being sur- 
abodyhave rounded on all sides by an equal quantity 
no weight ? : : : 

of matter, it will be attracted equally in 


all directions, and therefore cannot exert a pressure - 


greater in one direction than in another. 


As the attractive force which the earth exerts upon a body is pro- -: 


What are portioned to 
heavy and its mass, or to 


light bodies? the quantity of 
matter contained in it, and 
as weight is merely the meas- 
ure of such attraction, it fol- 
lows that a body of a large 
mass will be attracted strong- 
ly, and possess great weight; 
while, on the contrary, a body 
. made up of a small quantity 
of matter will be attracted 
in a less degree, and possess 
less weight. We recognize 
this difference of attraction 
by calling the one body 
heavy, and the other light. 
_ If, as is represented in Fig. 6, we place a mass of lead, a, at one 
extremity of a well-balanced beam, and a feather, 4, at the other, we 
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shall find that the lead is drawn to the earth with a force exactly equal 
to the superiority of its mass over that of the feather. If, however, 
we tie on a sufficient number of feathers to make up a quantity of 
matter equal to that of the lead, the equilibrium is restored, — the two 
quantities are attracted with equal force, and the beam is supported in 
a horizontal position. 

63. In all the operations of trade and commerce, 
we sell or exchange a given quantity of whatisa 

: system of 

one article or substance for a certain et 
quantity of some other article or substance, measures? 
—so much flour for so much sugar, or so much 
sugar and flour for so much gold. Hence the neces- 
sity, which has existed from the earliest ages, of 
having some fixed rules or standards, according to 
which different quantities of different substances 
may be compared. A set, or series, of such rules or 
standards of comparison, is called a system of weights 
and measures. 


fatious nations adopt different standards; but in the Wide are the 
civilized and commercial world but two great systems two great 
of weights and measures are generally recognized. systems of 


ne swe. Weights and 
These are known as the English and the French sys micaecee 
tems. 


64. In constructing a system of weights and meas- 
ures, it is desirable to, ix Upon some 7) 
dimension which shall forever serve as a cecsary 

; ; xing a 
standard or unit from which all other standard of 


: 
weights and measures may be derived, ™°**""*' 


and by which they may be compared and verified. 


An artificial standard — and originally all measures 
were based on artificial standards —can readily be 
falsified, and may even be entirely lost or destroyed, 
thus creating great confusion. 
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34. NATURAL PHILOSOPHY. 


Thus, in the English system, the standard unit, or standard of 
length, is the yard. This appears to have had its origin in the reign of 
Henry I., who ordered that the va, or ancient ell (which corresponds 
to the modern yard), should be made of the exact length of his own 
arm, and that the other measures of length should be based upon it. 
The yard thus ordained was divided into three feet, or thirty-six inches. 
In 1824 the English Parliament, with a view of obtaining a fixed and 
definite standard of length, enacted that, if the standard yard be 
injured or destroyed, it should be restored by a comparison with the 
length of a pendulum vibrating seconds in the latitude of London 
[§ 99]; and this measurement was computed at 39.1393 inches. In 
1834 the Parliament house was burned, and with it the standard yard. 
But a standard yard was subsequently constructed from the best 
authenticated copies of the old standard. 

6c. In the English system — which is the one used in the United 
ater States —there are two systems of weights, Troy and 
the two sys- Avoirdupois weight. Troy weight is principally used 
tems of for weighing gold and silver; avoirdupois, for weighing 
Wwele les merchandise other than the precious metals. It derives 
its name from the French avoir (to have), and poids (weight). The 
smallest weight made use of in the English system is a grain. Bya 
law of England enacted in 1286, it was ordered that 32 grains of wheat, 
well dried, should weigh a pennyweight. Hence the name gvazz, 
applied to this measure of weight. It was afterward ordered that a 
pennyweight should be divided into only 24 grains. 

To obtain a standard of weight, a cubic inch of distilled water, of 

the temperature of 62° Fahrenheit’s thermometer, is 

How do we ; é : eae ; 
SBtain a taken and weighed. This weight is divided into 252,458 
standard of equal parts; and, of these, 1,000 will be a grazz. The 
weight ? grain multiplied gives ounces, pounds, &c. By dividing 
thin plates of metal of uniform thickness and known weight, sub- 
divisions of the grain weight are obtained. 

To obtain standards of liquid measure, ten pounds, 
How do we ‘ vibe 
obtain stand- OF 70,000 grains, of distilled water, at the same tempera- 
ards of liquid ture, are made to constitute a gallon. The gallon, by 
measures? — division, gives quarts, pints, and gills. 


66. The French system of weights and measures 
is constructed on a different plan, and originated in 
the following manner : — 
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In 1788 the French Government, feeling the necessity of having 

some standard by which all weights and measures might é 
~ : : : Explain the 

be compared and made uniform, ordered a scientific ee a 
inquiry to be made; the result of which was the estab- ofthe French 
lishment of the present system of French weights and system of 
measures, which, from its perfect accuracy and simpli- ee ees 
city, is superior to all other systems. It is sometimes 
called the decimal system, all its divisions being made by ten. 

The French standard is based on an 
invariable dimension of the globe; viz, 
q fourth part of the earth's meridian, 
or the fourth part of the largest circle 
passing through the poles of the earth 
(from N.to E., Fig. 7). This distance 
is divided into 10,000,000 equal parts, 
and a single ten-millionth part adopted 
as a measure of length, and called a 
meter. The length of the meter is 
about 39 English inches. By multiply- 
ing or dividing this quantity by ten, the other varieties of weights and 
measures are obtained. (See table at end of book.) 


Practical Problems on the Attraction of Gravitation. 


1. Suppose two bodies, one weighing 30 and the other 90 pounds, situated ten 
miles apart, were free to move toward each other under the influence of mutual attrac- 
tion, what space would each pass over before they came in contact ? 

The mutual attraction of any two bodies for each other is proportional to the quantity 
of matter they contain. 

2. A body upon the surface of the earth weighs one pound, or 16 ounces. If by 
any means we could carry it 4,000 miles above the earth’s surface, what would be its 
weight ? 

Solution. — The force of gravity decreases upward as the square of the distance 
from the center increases: weight, therefore, will decrease in like proportion. The 
distance of the body upon the surface of the earth, from the center, is 4,000 miles, Its 
distance from the center, at a point 4,000 miles above the surface, is 8,000. The 
square of 4,000 is 16,000,000; the square of 8,000 is 64,000,000. The weight, there- 
fore, will be diminished in the proportion that 64 bears to 16; that is, it will be 
diminished three-fourths, or weigh one-fourth of a pound, or four ounces. 

3. What will be the weight of the same body removed 8,000 miles from the earth’s 
surface ? 

4. A body on the surface’of the earth weighs ten tons: what would be its weight 
if elevated 2,000 miles above the surface ? 
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5. How far above the surface of the earth must a pound weight be carried to 
mzke it weigh one ounce avoirdupois ? 

6. What would a body, weighing 800 pounds upon the earth’s surface, weigh 1,000 
miles below the surface? 

The force of gravity decreases as we descend from the surface into the earth, 
simply as the distance downward increases: weight being the measure of gravity, it 
therefore decreases in the’same proportion. The distance from the surface of the earth 
to the center may be assumed to be 4,000 miles. 1,000 miles is one-fourth of 4,000. 
The distance being decreased one-fourth, the weight is diminished in like proportion; 
and the body will lose 200 pounds, or its total weight would be 600 pounds. 

7. Suppose a body weighing 800 pounds upon the surface of the earth were sunk 
3,000 miles below the surface, what would be its loss in weight ? 

8. If a mass of iron ore weighs ten tons upon the earth’s surface, what wouid it 
weigh at the bottom of a mine a mile below the surface ? 


g- What will be the weight of the same mass at the bottom of a mine one-half a 
mile below the earth’s surface ? 


SECTION I. 
CENTER OF GRAVITY. 


Whatisthe 67. The Center of Gravity in a body 1S 
center of 


eravityina that point about which, if supported, the 
peey.s whole body will balance itself. 


= In every body, of whatever size or form, a point may 
Oo ° ° 

Sr aA be found, about which, if supported, all the parts of the 
the whole body will balance, or remain at rest. Every body may 
attraction be considered as made up of separate particles, each 

Pp P Pp 
exerted ona : : 
acted upon separately by gravity; but as by supportin 

body con- P p yPYs y3 y Supp g 
centrated at this one point we support the whole, as by lifting it we 
its ee of lift the whole, and as by stopping it we cause the whole 
canea hs body to rest, the whole attraction exerted on the entire 
mass may be considered as concentrated at this one point; and this 


point we call the Center of Gravity. 


68. The Center of Magnitude of a body is 
What is the 


centerof the central point of the bulk or mass of 
magnitude ? the body. 
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69. When a body is of uniform density, the center 
avi ill coinci ith i r of 

of gravity will coincide with its cente cane vee ae 
magnitude; but, when one part of a body is center of 
composed of heavier materials than ameter a0. a. 
part, the center of gravity no longer corre- 
sponds with the center of magnitude, or the central 
point of the bulk of the body. 


Thus, in a sphere, a cube, or a cylinder, the center of gravity is the ie 
same as the center of the body. Ina ring of uni- 
form size and density the center of gravity is the cen- 
ter of the space enclosed in the ring (see Fig. 8). 

This example shows that the center of gravity is not 

necessarily included in that portion of space occupied © 

by the matter of the body. 

| Inawheel of wood of uniform density and thick-. Fic. 8. 
ness, the center of gravity will be the center of the wheel; but, if a 
part of the rim be made of iron, the center of gravity will be removed 
to some point aside from the center. 

When two bodies are connected together, they may be regarded as 
one body, having but one center of gravity. If the two bodies be of 
equal weight, the center of gravity will be in the middle of the line 
which unites them; but, if one be heavier than the other, the center of 
gravity will be as much nearer the heavier body as the heavier exceeds 
the lighter one in weight. Thus, if two 
balls, each weighing four pounds, be con- 
nected together by a bar, the center of 
gravity will be a point on the bar equally 
distant from each; but, if one of the balls 
be heavier than the other, then the center of gravity will, in proportion, 
approach the larger ball. This is illustrated by reference to Fig. 9, in 
which the center of gravity about which the two balls support them- 
selves is seen to be nearest to the heavier and larger ball. 

The center of gravity of a body being regarded as the point in 
which the sum of all the forces of gravity acting upon When will 
the separate particles of the body are concentrated, it the center of 

. : : gravity be in 
may be considered as influenced by the attraction of the permanent 
earth in a greater degree than any other portion of the restor 
body. It follows, therefore, that, if a body has freedom equilibrium ? 
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of motion, it cannot be brought into a position of permanent equilib. 
rium until its center of gravity occupies the lowest situation which 
the support of the body will allow; that is, the center of gravity will 
descend as far toward the center of the earth as possible. 


Whatdowe 70° BY Equilibrium we mean a state of 
wea rest produced by the counterpoise or bal- 
equilibrium : : : 

ancing of opposite forces. 


Thus, when one force tending to produce motion in one direction is 
opposed by an equal force tending to produce motion in an exactly 
opposite direction, the two balance each other, and no motion results. 
To produce any action, there must be an inequality in the condition of 
one of the forces. 

The truth of this principle may be illustrated by certain experi- 
ments, which at 


By what ex- 
perimentcan first seem to be 


— 
/ aL a 

a L } | ie you illus- contradictory to 

c -, trate this . 
Cc Nee | erineinten i Thus a cyl- 
L inder may be 
Fic. 10. made to roll up an inclined 
plane. Fix a piece of lead, /, 


Fig. 10, on one side of the cylinder a@, so that the center of gravity of 
the cylinder will be at the point 7, while its center of magnitude is 


at c. ‘The cylinder will then roll up the inclined plane to the position - 


al, because the center of gravity of the mass, 7, will endeavor to 
descend to its lowest point. 

A. billiard-ball may be caused to roll from the thin to the thick 
ends of two billiard-cues placed at an angle, as shown in Fig. 11. 
This apparent exception to the general law of gravity is easily ex- 
plained by reference to Fig. 11. The sections A and B show that the 
center of gravity of the ball is raised at starting, and the ball moves 
in consequence of its falling from a high to low level. 


Gosnwuse 71. The stability of a body depends 
does the sta- wWpon th 1 1 it i : 
oan po: the manner in which it is supported ; 
poe ae or, in other words, upon the position of its 
iy center of gravity. 

A prop that supports the center of gravity supports the whole 
body. This support may be applied in three different ways: I. The 
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point of support may be applied directly to the center of gravity of 
the body. 2. The point of support may have the center of gravity 
‘mmediately below it. 3. The point of support may have the center 
of gravity immediately above it. 











Fic. 11. 


72. As a body may be supported in three 


What are the 


' positions, we have, as a consequence, three three condi- 


tions of 


conditions of equilibrium ; viz., /udifferent,  squitibrium? 


Stable, and Unstable Equilibrium. 


Indifferent Equilibrium occurs when a body is sup- what is in- 
ported upon its center of gravity; for then it remains different 
at rest indifferently in every position. Sool g 

This is illustrated in the case 
of a common wheel, where the 
center of gravity is also the cen- 
ter of the figure; and, this being 
supported on the axle, the wheel 
rests indifferently in any position. 
In Fig. 12, let a, the center of the 
wheel, which is also its center of 
gravity, be supported by an axle: 
the wheel rests, no matter to what 
extent we turn it. 


See 
\ 
‘a 


Fic. 12. 
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40 NATURAL PHILOSOPHY. 


Stable Equilibrium occurs when the point of support is above the 
What is center of gravity. If a body be moved from this position, 
stable it swings backward and forward for a time, and finally 
equilibrium ? yeturns to its Original situation. 


Thus, in Fig. 12, let the wheel, the center of gravity of which is at 


a, be suspended from the point 4 by a 
thread, or hung upon an axle, having 
freedom of motion on that point. How- 
ever much we may move it, either right 
or left, toward m or z, as shown by the 
dotted lines @ m and a x, it swings back 
again, and is only at rest when 4 and a 
are in the same perpendicular line. 

This is the principle of the toy repre- 
sented in Fig. 13. The horse, with his 
rider, is firmly supported on his hind-feet, 
because, by means of a leaden ball at- 
tached to the bent wire, the center of 

gravity is brought below the point of support. 

Unstable Equilibrium occurs when the point of support is beneath 
Whatisun- the center of gravity. The tendency of the center of 
stable equi- gravity in such cases is to change, and take the lowest 
pops uane situation the support of the body will allow. | 

In Fig. 12, suppose the wheel to be supported at the point ¢, situ- 
ated in a vertical line a c, immediately below the center of gravity, a: 
so long as this position is maintained, the wheel will remain at Fests: 
but the moment the center of gravity, a, is moved a little to the right 
or left, so as to throw it out of the vertical line joining @ and «, the 
wheel will turn over, and assume such a position as to bring the center 
of gravity immediately beneath the point of support, as in the second 
case. 

The principle that when a body is suspended freely it will have its 

| center of gravity in a vertical line, immediately below 
How may we : 
akiceine the point of support, has been taken advantage of to 
the center of determine experimentally the position of the center of 
See gravity in irregular-shaped bodies. Suppose we sus- 
bodies? pend, as in Fig. 14, an irregular piece of stone by 
means of cord. A plumb-line let fall from the point 
of support, or the prolongation of the cord, will pass through the 
center of gravity, G. If we now attach the ccrd to another point, 
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al suspend the body anew, the prolongation of the cord in this 
‘nstance also will pass through the 

center of gravity, G. The intersec- 

tion of these two lines will be the 

center of gravity; and the stone, if 

suspended by a cord attached to this 

point, will hang evenly balanced. 


: 73. A line which connects 
the center of grav- Mies 
ity of a body with line of direc- 
ti F 
the center of the 
earth — or, in other words,a @& 
line drawn from the center S/; 


= 
SSF ZB <A 
ZAZA 


of gravity perpendicularly . | 
downward —is called the eae 

Line of Direction. It is called the line of direction, 
because, when a solid body falls, its center of gravity 
moves along this line until it reaches the ground. 
When bodies are supported upon a basis, their stabili- 
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ty depends on the position of their line of direction. 


74. If the line of direction falls within 
the base upon which the body stands, the goa stand, 
body remains supported; but, if it falls and wher, 
without the base, the body overturns. 
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42 NATURAL PHILOSOPHY. 


Thus, in Fig. 1s, the line directed vertically from the center of 
gravity, G, falls within the base of the body, and it remains standing; 
but in Fig. 16 a similar line falls without the base, and the body, con- 
sequently, cannot be maintained in an upright position, and must fall. 

A wall or tower stands securely so long as the perpendicular line 
drawn through its center of 
gravity falls within its base. 
The celebrated Leaning Tow- 
er of Pisa, 180 feet high, which 
inclines 14 feet from a per- 
fectly upright position, is an 
example of this principle. For 
instance, the line in Fig. 17, 
falling from the top of the tow- 
er to the ground, and passing 
through the center of gravity, 
falls within the base, and the 
tower stands securely. If, 
however, an attempt had been 
made to build the tower a lit- 
tle higher, so that the perpen- 
dicular line passing through 
the center of gravity would 
have fallen beyond the base, the structure could no longer have sup- 
ported itself. 


























7°. The broader or larger the base of a body, and 
the nearer its principal mass is to the base, 
When willa ° : 
body stand — OF, in other words, the lower its center 
most firmly? of eravity is, — the firmer it will stand. 


A pyramid, for this reason, is the firmest of all structures. 
The base upon which the human body rests, or is supported, is the 
two feet, and the space included between them. The 
What is the A £ ° re h ef 
advantage of 2 vantage of turning out the toes when we walk is, that 
turning out it increases the breadth of the base supporting the 
thetoesin body, and enables us to stand more securely. 
walking ? ; 3 
In every movement of the body, a man adjusts his 
position unconsciously, in such a way as to support the center of 
gravity, and cause the line of direction to fall within the base. 


CENTER OF GRAVITY. 


A person carrying a load upon his back bends forward in order to 
bring the center of gravity and his load over his feet. 


ae a 


) ra ‘| 2 


“ 


If he carried the load in the position of A, Fig. 18, he Why doesa 
would be liable to fall backward, as the direction of the Bern aires 
center of gravity would fall beyond his heels: to bring ters his 
the center of gravity over his feet, he assumes the posi- back bend 
tion indicated by B, Fig. 19. For the same reason, evens 
when a man ascends a hill he leans forward, and when he descends he 
leans backward. 






































































































































44 NATURAL PHILOSOPHY. 


: A high carriage is much more liable to be overset by 
ee ees an irregularity in the road than a low one; because, the 
more liable center of gravity being high, the line of direction is 
tooverturn easily thrown without the base. 
ede SOY This will appear evident from the foregoing illustra- 

tion, Fig. 20. Here it is evident that the wagon loaded 
with bags must upset, because the line of direction falls without the 
base. The other wagon will be in no danger of overturning; for the 
line of direction falls within the base, and the center of gravity is ina 
low position. 
If a body be placed on an inclined surface, it will slide down when 
: its line of direction falls within 
Se * the base; but it will roll down 
and when when it falls without the base. 
roll,downa Thus the body ¢, Fig. 21, having 
slope its line of direction, ¢ a, within 
the base, will slide down the inclined surface, 
cd; but the body 4a will roll down, since its 
line of direction, 4 a, falls without the base. 


Practical Questions on the Center of Gravity. 
1. Why does a person in rising from a chair bend forward ? 


When a person is sitting, the center of gravity is supported by the 
seat. In an erect position, the center of gravity is supported by 


the fet. Therefore, before rising, it is necessary to change the center | 


of gravity; and, by bending forward, we transfer it from the chair to a 
point over the feet. 


2. Why is a turtle placed on its back unable to move ? 

Because the center of gravity of the turtle is, 2 this position, at the 
lowest point, and the animal is unable to change it: therefore it is 
obliged to remain at rest. 


3. Why do very fat people throw back their head and shoulders when they walk ? 


In order that they may effectually keep the center of gravity of the 
body over the base formed by the soles of the feet. 


4. Why cannot a man, standing with his heels close to a perpendicular wall, bend 
over sufficiently to pick up any object that lies before him on the ground, without 
falling? 


Because the wall prevents him from throwing part of his body 
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backward zo counterbalance the head and arms that must project for- 


ward. 


5. What is the reason that persons walking arm in arm shake and jostle each 
other, unless they make the movements of their feet to correspond as soldiers do in 


marching ? 

When we walk at a moderate rate, the center of gravity comes 
alternately over the right and over the left foot. The body advances, 
therefore, in a waving line ; and, unless two persons walking together 
keep step, the waving motion of the two fails to coincide. 


6. In what does the art of balancing or walking upon a rope consist ? 
In keeping the center of gravity in a line over the base upon which 
the body rests. 


7. Why is it a very difficult thing for children to learn to walk ? 


In consequence of the natural upright position of the human body, 
it is constantly necessary to employ some exertion to keep our balance, 
or to prevent ourselves from falling, when we place one ‘foot before 
the other. Children, after they acquire strength to stand, are obliged 
to acquire this knowledge of preserving the balance by experience. 
When the art is once acquired, the necessary actions are performed 
involuntarily. 


8. Why do young quadrupeds learn to walk much sooner than children ? 


Because a body is tottering in proportion to its great altitude and 
narrow base. A child has a body thus constituted, and learns to walk 
but slowly because of this difficulty (perhaps in ten or twelve months) ; 
while the young of quadrupeds, having a broad supporting base, are 
able to stand and move about almost immediately. 


g. Are all the limbs of a tall tree arranged in such a manner, that the line directed 
from the center of gravity is caused to fall within the base of the tree ? 

Nature causes the various limbs to shoot out and grow from the 
sides with as much exactness, in respect of keeping the center of 
gravity within the base, as though they had been all arranged artif- 
cially. Each limb grows, in respect to all the others, in such a manner 
as to preserve a due balance between the whole. 
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SECTION II. 


EFFECTS OF GRAVITY AS DISPLAYED BY FALLING BODIES. , 


_76. When a body falls, its motion will be in a 
Whatisa Straight line toward the center of the earth. 
vertical line? This line is called a Vertical Line. 

77. If a body be suspended by a thread, the thread 
Whatisa. Will always assume a vertical direction, 
Plumb-line? or it will represent that path in which 
the body would have fallen. A weight 

thus suspended by a thread is called a 

Plumb-Line,* Fig, 22, and is used by 

carpenters, masons, &c., to ascertain 
by comparison whether their work 
stands in a vertical or perpendicular 
position. 

whic 78. A plumb-line is al- 

level eurs | Ways perpendicular to the 

surface of water at rest. 

The position of such a surface we call 


Fic. 22. 
Level. . 


No two plumb-lines upon the earth’s surface will be parallel, but 
will incline toward each other, since no two bodies from different 
points can approach the center of a sphere in a parallel direction. If 
their distance apart be one mile, this inclination will amount to one 
minute ; and if it be sixty miles, to one degree. In Fig. 23, let E E be 
a portion of the earth’s surface, and O its centre: @ 0,20, po,and co 
are the lines that represent the vertical lines at those points of the 
earth’s surface. 


* Plumb-line, so called from the Latin word plumbum, lead, the weight usually 
attached to the string. 
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70. The velocity of a falling body is independent 


of its mass. 


If ten or a hundred leaden balls be disengaged together, they will 
] in the same time; and, if they be moulded into one ball of great 
it will still fall in the same manner. 


fal 
magnitude, 


4 


» | 


7 PANS | 


80. Hence all bodies under the influence of gravity 
alone must fall with equal velocities.* 


There are some familiar facts which seem to be opposed to this 
law. When we let go a feather and a mass of lead, the 
5 : : By what ex- 
one floats in the air, and the other falls to the ground periment can 
very rapidly. But in this case the operation of gravity you prove 
is modified by the resistance of the air: the feather this law? 
floats because the air opposes its descent, and it cannot overcome the 


* Previous to the time of Galileo, the philosophers maintained that the velocity of a 
falling body was in proportion to its weight; and that, if two bodies of unequal weights 
were let fall from an elevation at the same moment, the heavier would reach the ground 
as much sooner than the lighter as its weight exceeded it: in other words, a body 
weighing two pounds would fall in half the time that would be required by a body 
weighing one pound. Galileo, on the contrary, asserted that the velocity of a falling 
body is independent of its weight, and not affected by it. The dispute running high, 
and the opinion of the public being generally averse to the views of Galileo, he chal- 
lenged his opponents to test the matter by a public experiment. The challenge was 
accepted, and the celebrated Leaning Tower of Pisa agreed upon as the place of trial. 
In the presence of a large concourse two balls were selected, one having exactly twice 
the weight of the other. The two were then dropped from the summit of the tower ‘at 
the same moment ; and, in exact accordance with the assertions of Galileo, they both 
struck the ground at the same instant. 
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NATURAL PHILOSOPHY. 


resistance offered. But if we place a mass of lead and a feather in a 

vessel exhausted of air, and liberate them at the same time, they will 
fall in equal periods. The experiment is easily 
shown by taking a glass tube, Fig. 24, closed at one 
end, and supplied with an air-tight cap and screw- 
cock at the other. A feather and a piece of metal 
are previously enclosed in the tube. The tube being 
filled with air, and inverted, the metal will fall with 
greater speed than the feather, as might be expected. 
If the tube be now exhausted of air by means of 
an air-pump and the screw-cock, and in this condi- 
tion inverted, the feather and the metal will fall from 
end to end of the tube with equal velocity. 


81. The force with which a falling body strikes 


the ground depends upon the height 
Mires from which it falls. But the force de- 
and veloci- pends on the velocity of the body the 
ties of fall- moment it touches the ground: there- 
ne bodies fore the velocity with which a body 
epend ? ; 
falls depends also upon the height from 
which it descends. 
82. When a body falls, it is attracted by gravity 
Flow does during the whole time of its falling. 
gravity act Gravity does not merely set the body 
ona falling in motion, and then cease, but it con- 
body,4 tinues to act. During the first second 
of time the force of gravity will cause the body 
to descend through a certain space. At the end of 
this time the body would continue to move with the 
motion it has acquired, without the action of any 
further force, merely on account of its inertia; but 
gravity continues to act, and will add as much more 
motion to the falling body during the second second of time as it did 
during the first second, and as much again during the third second, 
and so on. 


What is th p 
aC raiic: 83. Falling bodies, therefore, descend 


ing bodies? to the earth with a uniform accelerated 
motion. A body falling from ‘a height will fall six- 
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‘teen feet in the first second of time,* three times that 


distance in. the second, five times in the third, seven 

in the fourth; the spaces passed over in each second 

increasing as ‘the odd numbers 1, 3, 5, 7,9, 11, &c. 
84. The entire space passed over bya pow ao 


pody in falling is as the square of the fhe AONE 


time: that is, in twice the time it will fall and the time 
through four times the space; in thrice Bod com: 


the time, nine times the space.t pare? 


The time occupied in falling, therefore, being known, the height 
from which a body falls may be calculated by the following rule :— 
1 Time being 
85. Multiply the square of the number pte ge 


of seconds of time consumed in falling by can the 
the distance which a body vel fallin one sc, ee 


og body falls be 
second of time. foenae 


Thus a stone is five seconds in falling from the top of a precipice. 
The square of five seconds is 25: this multiplied by 16, the number of 
feet a body will fall in one second, gives 4oo,—the height’ of the 


precipice. 


86. As the effect of Stavity is. tO. pro- 7 a 


duce a uniform accelerated .motion, the velocities 
and times of 


velocity of a falling body val Increase aS falling com- 
the time increases. pare? 


Thus, at the end of two seconds the velocity acquired by a falling 
body will be twice as great as at the end of one second, thrice as great 
at the end of the third second, and so on. 

The following table exhibits an analysis of the motions of a falling 


* The spaces described by falling bodies are here given in round numbers, the 
fractions being omitted. The space described by-a falling body during the first sec- 


-ond is sixteen and one-tenth feet. 


} The resistance of the air essentially modifies the laws of the motions of falling 
bodies, as here stated, and, with a certain velocity, will become equal to the weight of 
the falling body. After this takes place, the body will descend with a uniform velo- 
city. There is, therefore, a limit to the velocity which a body can acquire by falling 
through the atmosphere. ; 



















































































































































































50 NATURAL PHILOSOPHY. 


body: the spaces passed over in each interval of time of falling in- 
creasing as the odd numbers 1, 3, 5, 7, 9, &c.; the velocities acquired 
at the end of each interval increasing directly as the times, and the 
whole space passed over being as the squares of the times. 


| : 
Velocities acquired at:Total height fallen 
NapPe oi seconds Spaces fallen through} the end of num-| through from rest 
erGirorica state ofl on each successive] ber of seconds ex-| in the number of 
rece second. pressed in first! seconds expressed 


column. in first column. 


OO ON Quay bo » 


= 


Where extreme accuracy is not required, most of the problems 
connected with the descent of falling bodies may be worked, by this 
table, with great readiness; sixteen feet, the space passed through by 
a falling body in one second, being taken as the common multiple of 
distances and velocities. 

Thus, to ascertain the height from which a body would fall in five 
seconds, take, in the fourth column of the table, the number opposite 
§ seconds, which is 25, and multiply it by 16: the product, 400, will 
be the height required. Problems of this character may also be 
worked by the rule given (§ 85). 3 

In the same manner, if it Se required to determine the space a fall- 
ing body would descend through in any particular second of its motion, 
—as, for example, the fifth second, — we take, in the second column of 
the table, the number opposite 5 seconds, which is 9, and multiply it by 
16: the product, 144, is the space required. 

In like manner, if it be required to determine with what velocity a 
body would strike the ground after falling during an interval of five 
seconds, we take the number in the third column of the table opposite 
5 seconds, which we find to be 10, and multiply this by 16. The prod- 
uct, 160 feet, will be the velocity required; and a body thus falling 
for five seconds would have, when it strikes the ground, a velocity of 
160 feet. | 


ae = 


= 


a oT Ro 


one 
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87. Bodies projected directly upward will be in- 


fluenced by gravitation in their ascent, as How are 
s iF ; d b ; d bodies pro- 
well as 1n their escent, but 1n a reverse jected up- 


° 1 1 ward influ- 
order ; producing continually retarded mo- Ware, ie 


tion while they are rising, and continually gravitation? 
increasing motion during their fall. 


Thus a body projected up perpendicularly into the air, if not influ 
enced by the resistance of the air, would rise to a height exactly equak 
to that from which it must have fallen to acquire a final velocity equal 
to that which it had at the first instant of its ascent. 


88. To determine the height to which pow can we 


: 1 ' ’ determine 
a body projected upward will rise with a {* Raiene as 


given velocity, ascertain the height from whichabody 
projected 


which a body would fall to acquire the upward with 
same velocity. The answer in one case jofity wit, 
will be the answer in the other. ascend 
89. The time, also, which the ascending body 
would require to attain its greatest heights ee 
would be just equal to the time it would Snescey 
sce 


require to fall to the ground from that descent 
h ei ght compare? 


90. If a body, instead of falling perpendicularly, 


be made to roll down an inclined plane, whatwitlbe 


ayes 5 ° the velocity 
free from friction, the velocity acquired ofa body 


at the termination of its descent will be falling down 
an inclined 


equal to that it would acquire in falling plane? 
through the perpendicular height of the inclined plane. 


Thus the velocity acquired by a body in rolling down the whole 
length of AB, Fig. 25, is equal to that it would 


acquire by falling down the perpendicular height ‘ 
AC. 
gt. The great Italian philosopher Galileo, during C B 


the early part of the seventeenth century, had his FIG. | 25. 
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52 NATURAL PHILOSOPHY. 


attention directed, while in a church at Florence, to the swinging of the 
| chandeliers suspended from the lofty ceiling. He no- 

Howand by _, ! ; 

whom was ticed, that, when they were moved from their natural po- 

thependu- _ sition by any disturbing cause, they swung backward and 


St CAS forward in a curve for a long time, and with great uni. 
covered? 


of the pendulum, the theory of which may be explained as follows :— 
92. All bodies will have their motion as much accelerated whilst 
Explain the descending a curve as retarded whilst ascending. . Let 
theory of the DC bea curve, Fig. 26. If a ball, suspended by a 
pendulum: “string or wire, be placed at C, the attraction of gravita- 
tion will cause it to descend to B, and in so doing it will- acquire 
velocity sufficient to carry it to D, all opposing obstacles being 
removed, such as friction and resistance of the air. Gravitation will 
once more .bring it down to B: it will then rise again to C, and so 
continue to oscillate backward and forward until friction and resist- 
ance of the air gradually bring it to rest. | | “ee Y 
A.body thus suspended is called a 
Pendulum. In Fig. 26,.D C, the part 
of the circle through which the pen- 
dulum moves, is called its avc, and 
the whole movement of the ball from 
D to C is called a vibration or osczi- 

latzon. 
93. The times of the vi- 
How dothe Dbrations of a pen- 
times of the dulum are very 


vibrations of 

apendulum nearly equal, 

compare eniiyies  o 3 

‘witheach Whether it moves 
ther? be See 

eas much or little; or, 


in, other words, through a greater or less part of its 


arc. 


The reason that a large vibration is performed in the same time as 
Explain the 2 Small one, or, in other words, the reason the pendulum 
reasonofthis always moves faster in proportion as its journey is 
law. longer, is, that, in proportion as the arc described is 
more extended, the steeper are the declivities through which it falls, 


formity, rising and falling alternately in opposite direc.’ 
tions. His inquiry into the cause of these motions led to the invention: 
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| nd the more its motion is accelerated. Thus, if a pendulum, Fig. 26; 
a Bere | 


begins its motion at D, the accelerating force is twice as great as 
when it is set free at 6; and if we take two pendulums of equal 
jengths, and liberate one at D and another at 4 at the same time, they 
will arrive at the same moment at E. | 

Q4- This remarkable property of the pendulum enables us to employ 
it as a register or keeper of time. A pendulum of How does 
invariable length, and in the same location, will always ee 
make the same number of oscillations in the same rar ee 
time. Thus, if we arrange it so that it will oscillate us to register 
once in a second, sixty of these oscillations will mark time? 
the lapse of a minute, and 3,600 an hour. . 

A common clock is, therefore, merely an arrangement for register- 
jng the number of oscillations which a pendulum makes, wot is a 
and at the same time of communicating to the pendu- common 
jum, by means of a weight, an amount of motion suffi- Clete | 
cient to make up for what it is continually losing by friction on its 


points of support, and by the resistance of the air. 


The wheels of the clock turn round by the action of the weight; 
put they are so connected with the pendulum, that with every double 
oscillation a tooth of the last wheel is allowed to pass. If, now, this 
wheel has thirty teeth, as is common in clocks, it will turn round once 
for every sixty vibrations; and, if the axis of this wheel project 
through the dial-plate or face of a clock with a hand fastened on it, 
this hand will be the second-hand of the clock. The other wheels are 
so connected with the first, and the number of teeth so proportioned, 
that the second one turns sixty times slower than the first, and this 
will be the minute-hand: a third wheel, moving twelve times slower 
than the last, will constitute the hour-hand. 

A watch differs from a clock in having a vibrating wheel instead of 
a vibrating pendulum. This wheel, called the dalance- yyow doesa 
wheel, is moved by a sprig, which is always forcing it watch differ 
to a middle position of rest, but does not fix it there, fom@clock? 
because the velocity acquired 
during: its approach from ei- 
ther side to the middle posi- 
tion carries it just as far past 
on the other side, and the 
spring has to begin its work 
again. The dalance-wheel at re ee 
each vibration allows one tooth of the adjoining wheel to pass, as 
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the pendulum does in a clock; and the record of the beats is presefved 
by the wheels which follow, as already explained for the clock. — 

Fig. 27 represents the arrangement used to keep up the motion in 
a watch. The barrel, or wheel A, incloses a spring, which, when com. 
pressed by winding up, tends to liberate itself, or unwind, in virtue of 
its elasticity. This effort to unwind turns the barrel upon its axis; 
and thus, by means of a chain coiled round it, motion is communicated 
to the other wheels of the watch. 


or ac 95. The length of a pendulum influences 


encehasthe the time of its vibration: the longer the 
length ofa . 


pendulum on Pendulum, the slower are its vibrations. 
its time of | 
vibration ? The reason why long pendulums vibrate more slowly 
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the equator. This demonstration that the poles are nearer the center 
of the earth than the equator proves that the earth is not a perfect 


” sphere. 


98. The length of a pendulum that will describe 
sixty oscillations in a minute, each oscilla- what is the 
tion having the duration of a second, is, in pls hele 
the latitude of Greenwich, Eng., 39.1393 dulum ? 


inches in length, and in New York 39.10 inches in 
length. 


At the pole it would require to be somewhat longer ; at the equator, 
somewhat shorter. A pendulum that vibrated seconds at Paris. was 
found to require lengthening .og of an inch in order to Perform its 


ee 
~ = 


= 





than short ones is, that in corresponding arcs, or paths, 
the ball of the long pendulum has a greater journey to perform, with- 
out having a steeper line of descent. 


vibrations in the same time at Spitzbergen. 


99. The length of a pendulum vibpitite Hee mean 
seconds being always invariable at the Sedge 
same place, since the attraction under the dutum be 


used asa 


same circumstances is always the same, it: standard of 
may be used as a standard of measure. measure ? 
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How do the 96. The lengths of different pendulums, 
lengths of = vibrating in unequal times, are to each 
pendulums 


vibratingin Other as the squares of the times of their 
different < s 
times com- vibration. 


pare? 





ny 











This application has already been mentioned under the section 











Thus a pendulum, to vibrate once in two seconds, Weight (§ 64). 

must have four times the length of one that vibrates once in one a The duration of the oscillation of a pendulum is not affected by 
second; to vibrate once in three seconds, it must have nine times the altering the weight of the ball; ; since all bodies moving over the Same 
length, &c. The duration of the oscillation being as the whole space, under the influence of gravitation, acquire equal velocities. 
numbers, 

















“roo. As heat expands, and cold con- whydo 

; : : clocks go 
tracts, all metals, a pendulum-rod is longer para eres 
in warm than in cold weather: hence ter than in 


° . ° 5 : summer ? 
clocks gain time in winter, and lose in the 











Seen: 


T, 2, 3, 4, 5, 6, 7, 8, 9, 
the length of the pendulum will be as their squares, 
I, 4, 9, 16, 25, 36, 49, 64, 81. 


A pendulum, therefore, that will vibrate once in nine seconds, must g. 
have a length of eighty-one times greater than one vibrating once summer. 


in one second. La As the smallest change in the length of a pendulum alters the rate 
97. As the time of vibration of a pendulum is determined by the 7 of a clock, it is highly important, for the maintaining of How are the 

What does force of the attraction of gravitation, this instrument uniform time, that the expansion and contraction of changes in 

the pendu- has been employed to determine the strength of attrac- pendulums, caused by changes in temperature, should See a ae 

tum show ? tion at various portions of the earth’s surface. be counteracted. For this purpose various contriv- Ente: 
The same pendulum will vibrate more slowly at the equator than ances have been employed. The one most commonly acted? 

at the poles, because the attraction of gravitation is less powerful at 
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56 NATURAL PHILOSOPHY. 


employed at the present time.is the mercurial pendulum, which is con: 
structed as follows: The pendulum-rod, A B, Fig, 
28, supports a glass jar, G H, containing mercury, 
inclosed in a steel framework, F C D E.’ When the 
weather is warm, the steel rod and framework expand; 
and thus increase the length of the pendulum, and 
depress. the center of oscillation. But, at the same 
time, the mercury ccentained in the jar 
also expands, and rises upward;: and 
thus, by a proper adjustment, the center 
of oscillation is carried as far upward 
in one direction as downward. in the 
opposite direction, or the expansion -in 
both directions is equal, and the vibra- 
tions of the pendulum remain unaltered. 
Another form of pendulum, called the 
“gridiron pendulum,” Fig. 29, is com- 
posed , of , rods of~ different metals, 
which expand unequally under the same 
changes of temperature, and, by counter- 

action, keep the length of the pendulum constant. 


Practica} Problems on the Theory of Falling Bodies. 


z. A stone let fall from the top of a tower struck the earth in two seconds: how 
high was the tower ?: 

2. How far will a: body, acted upon by gravity alone, fall in ten seconds ? 

3- How deep is a well, into which a stone, being dropped, reaches the surface of 
the water in two seconds, the depth of the water in the well being ten feet ? 

4. If a body be projected downward with a velocity of twenty-two feet in the first 
second of time, how far will it fall in eight seconds ? - 

(Find the distance the body would have fallen from a state of rest, and to the result 
add the product obtained by multiplying the velocity at starting by the number of 
seconds it occupied in falling. Thus, (16 feet X82) -+ (22 X 8) = 1200 feet.) 

5. What space will a body pass through in the fourth second of its time of falling ? 

6. A body falls to the ground in eight seconds: how large a space did it pass over 
during the last second of its descent ? 

7. A body falls from a height in eight seconds: with what nga did it strike the 
ground ? 

8. A cannon-ball fired upward continued to rise for nine seconds: whan was its 
velocity during the first second, or with what force was it projected ? : 

g. Suppose a bullet fired upward from a gun returned to the earth i in sixteen sec- 
onds: how high did it ascend ? 

(The time occupied in ascending and descending being equal, the body rose to such 
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that it required eight seconds to descend from it, The square of 8 = 64. 
ft iplying the space it would fall in the first second, 16 feet, by 64, we obtain for an 
Mut {1 


1024 feet.) 
age bird was shot while flying in the air, and fell to the ground in three seconds. 
10. 


hot ? 

h up was the bird when it was s 

a the length of a pendulum to vibrate seconds at Washington is 39.101 inches, 
11. 


long must it be to vibrate once in seven seconds? How long to vibrate half- 
how 


seconds * 


a height, 


9 quarter-seconds? 
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CHAPTER V. 


MOTION. 


Whatismo- IOI. Motion is the act of changing place, 
SG If no motion existed, the universe would be dead. 
There would be no alternation of the seasons, and of day and night; 
no flow of water, or change of air; no sound, light, heat, or animal 
existence. 

Rest, which is the opposite of motion, so far as we know, exists 
What is only relatively. We say a body on the.surface of the 
rest ? earth is at rest when it maintains a constant position as 
regards some other body; but, at the same time that it is thus at rest, 
it partakes of the motion of the earth, which is always revolving. We 


do not, therefore, reaily know any body to be in a state of absolute 
rest. 


102. A moving body may havea Uxiform or a Vari- 


Defineuni- @ble Motion. Uniform Motion is the motion 


fo nd va- : : s 
riablemo. Of a body moving over equal spaces in 


tion. equal times. Variable Motion is the motion 
of a body moving over unequal spaces in equal times. 
103. When the spaces passed over in equal times 


What isac- increase, the body is said to possess Acee/- 


celerated and . ven ese 
retarded mo. @Pated Motion; when they diminish, the 


tion? body is said to possess Retarded Motion. 


A stone falling through the air is an example of accelerated motion, 
since, acted upon by the force of gravity, its rate of motion constantly 
increases; while the ascent of a stone projected from the hand is an 
example of retarded motion, as its upward motion continually 
decreases. 
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104. When a body commences to move from a 
state.of rest, we assign some force as the What is 
cause of its motion; and a force acting in power and, 
such a manner as to produce motion 1s 
venerally termed Power. On the contrary, a force 
acting in such a way as to retard a moving body, 
destroy its motion, or drive it in a contrary direction, 
is termed Resistance. The chiet forces which tend 
to retard or destroy the motion of a body are Gravita- 
tion, Friction, and Resistance of the Air. 

105. The speed, or rate, at which a body What is ve 
moves, is termed its Velocity. ocity 

The velocity of a moving body is estimated by the time it occupies 
in moving over a given space, or by the space passed over in a given 


time. The less the time, and the greater the space moved over ‘in 


- that time, the greater the velocity. 


106. To ascertain the Velocity of a MOV- y6y, ao we 


oore® r ascertain the 
ing body, divide the space passed over by seh an 


j 1 7Ing@ over it, moving 
the time consumed in moving noe 


Thus, if a body moves ten miles in two hours, its 
velocity is found by dividing the space, Io, by the time, 2; the answer, 
‘y gives the velocity per hour. 


107. To ascertain the Space passed Over pow canwe ° 


1 tain the 
by a moving body, multiply the velocity by es 


1 over by a 
the fime. | body in mo- 


Thus, if the velocity be ten miles per hour, and the tion? 
- time fifteen hours, the space will be 1o multiplied by 15, 


or 150 miles. 
108. To ascertain the Time employed by neeean 


1V1 time occu- 
a body in motion, divide the space passed bec 


over by the velocity. body in mo- 
10Nn as ° 
Thus, if the space passed over be one hundred and 4 sined? 


fifty miles, and the velocity ten miles per hour, the 
whole time employed will be 150 divided by 10 = 15 hours. 
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60 NATURAL PHILOSOPHY. 


109. The Momentum of a body is its quantity of mo. 


Whatis mo- tion. Momentum expresses the force with 


Poe which “oné body in motion would strike 


against another. 


We take advantage of momentum, or the force of a moving body, 
Illustrations 1n almost all mechanical operations. The moving mass 
of momen- Of a hammer-head drives: or forces in the nail, shapes 
tum. the iron, breaks the stone; the force of a moving mass 
of water gives strength to a torrent, and turns the wheel; the force of 


a moving mass of air gives strength to the wind, carries the ship over 
the ocean, forces round the arms of a windmill. 


110. When a body is caused to. move, the motion 
Ismotion 18 not imparted simultaneously to every 


imparted to 


allthe parti Particle of the body, but at first only to 


clesof a: _ the particles which are directly exposed to 
body at the te ; nee 
pane iat the influence of the force; for instance, 
stant ? 


_, of a blow. From these particles it spreads 
to the rest. 


A slight blow is sufficient to smash a whole pane of glass, while a 
How can you bullet from a gun will only make a small round hole in 
illustratethis it: because, in the latter case, the particles of glass that 
pacun receive the blow are torn away from the remainder with 
such rapidity, that the motion imparted to them has no time to spread 
farther. A door standing open, which would readily yield on its 
hinges to a gentle push, may not be moved by a cannon-ball passing 
through it. The ball, in passing through, overcomes the whole force 
of cohesion among the atoms of wood; but its force acts for so short a 
time, owing to its rapid passage, that it is not sufficient to affect the 
inertia of the door to an extent to produce motion. The cohesion of 
the part of the wood cut out by the ball would have borne a very great 
weight laid quietly upon it; but supposing the ball to fly at the rate \of 
twelve hundred feet in a second, and the door to be one inch thick, 

the cohesion being allowed to act for only the minute fraction of a sec- 
ond, its influence is not perceived. 

It is an effect of this same principle, that the iron head of a ham- 
mer may be driven down on its wooden handle by striking the oppo- 
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¢ the handle against any hard substance with force and 
pee his very simple operation, the motion 1S propagated so 
aor, h the wood of the handle, that it is over before it can 
ie Bad: which therefore, by its own inertia, sinks lower on 
: t every blow, which drives the handle up. 


site 

spec 
suddenly 
reach the 
the handle a 


‘e, which a Howis the 
111. The Momentum, oe be SOU ae 
stimate ~ of a body 
ing body exerts, 1S € 
movis 
plyin 


? 
¢ its mass or quantity of matter by colcuieted 
its velocity. 


a body weighing ten pounds, and moving witha velocity of five 
Beat feet in a second, will have a momentum of (10 X 500) 5,000. 
hunare! 


(Pr12. The velocity being the same, the eae 


1 fa: body nection is 
momentum or moving force oO y Been 


will-be directly proportionate to the mass tween the 


momentum 


or weight ; and, the mass or weight remain- ¢¢. poay and 


ing the same, the momentum will be ite eee 
directly proportionate to the velocity. pal) rk analy 


" Thus, if two leaden balls, each of five pounds’ nse Maes 
3 “tv of five miles per minute, the momentum or striking = 
Cs : be 2«. If now the two balls, moulded into one of ten pounds 
as oe Bis the same velocity of five miles per minute, the 
ge ae striking force, will be 50, since with the same velocity 
eae weight will be doubled. If, on’ the contrary, we double 
ie buts, allowing the weight to remain the same, the hee ie 

ill be produced : a ball of five pounds, with a velocity 0 : 
het a momentum, or striking force, of 25; but a ball of five, with a 
Velocity of ten, will have a momentum of 50. 


eaves small or light body may bei pene 


° small body 
made to strike with a greater force than a ecu ie 


heavier body by giving to the small body madetoexert 


the same 


a sufficient velocity. force as a 


“1 large one? 
Illustrations of these principles are most familiar. : 


° . e e t 
Hailstones of small mass and great velocity strike me fact 
. e - e m ; 
force to break glass, and destroy standing grain, A ship O : weer me 
moving with a scarcely perceptible velocity, crushes in the side 
pier with which it comes in contact. 
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NATURAL PHILOSOPHY, 


SECTION I. 


ACTION AND RE-ACTION. 


114. When a body communicates motion to an. 


What is other body, it loses as much of its own 
meant by ac- 


tion andre. MMOmentum or force as it gives to the 
AOTING other body. We apply the term Action 
to designate the power which a body in motion has 
to impart motion or force to another body, and the 
term fe-action to express the power which the body 


acted upon has of depriving the acting body of its 
force or motion. 


115. There is no motion or action in the universe 
Whatisthe Without a corresponding and opposite ac- 
ert awa tion of equal amount; or, in other words, 
reaction? —-_ Action and Re-action are always equal and 
opposed to each other. 


If a person presses the table with his finger, he feels a resistance 
Whatare il. ising from the re-action of the table, and this counter- 
lustrations = pressure is equal and contrary to the downward press- 
2s aoe ure. When a cannon or gun is fired, the \explosion of 

the powder, which gives a forward motion ‘to the ball, 
gives at the same time a backward motion, or “recoil,” to the gun. A 
man in rowing a boat drives the water astern with the same force that 
he impels the boat forward. 


Pee 116. The quantity of motion in a body 
ns pauaniity is measured by the velocity and the quan- 


abody pro- tity of matter it contains. 
portionate ? 


A cannon-ball of a thousand ounces, moving one foot 
per second, has the same quantity of motion in it as a musket-ball of 


one ounce, leaving the gun with a velocity of a thousand feet per sec- _ 


ond. The momentum, or quantity of motion, in the musket-ball being, 


- 
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er, concentrated in a very small mass, the effect it will produce 
Be 4 arently much greater than that of the cannon-ball, whose 
... diffused through a very large mass. This explanation will 
Be 2 to understand some phenomena which at first appear to con- 
Be ie law that action and re-action are always equal and opposed 
r 
"4 ae we fire a bullet from a gun, the gun recoils back with 
force as the bullet possesses, proceeding in an opposite direc- 
‘ The reason the effects of the gun are not equally apparent with 
pe. of the ball is, that the motion of the gun is diffused through a 
Bot mass of matter with a small velocity, and is, therefore, easily 
:. ked; but in the ball the motion is concentrated in a very small 
eS with a great velocity. A gun recoils more with a charge of 
Bee ot or sand than with a bullet. The explanation of this is, that 
4 a ball the velocity is communicated to the whole mass at once ; but, 
with small shot or sand, the velocity communicated by ie explosion 
to those particles of the substance immediately in contact with the Lowa 
is greater than that received at the same instant by the outer particles ‘ 
consequently a larger proportion of explosive force acts momentarily 
‘sn an opposite direction. 


as 


We have an illustration of this same principle when we attempt to 
drive a nail into a board having no support behind it, or not sufficiently 
thick to offer the necessary resistance to the moving force of the 
hammer, as is represented in Fig. 30. The blows of the hammer will 
cause the board to unduly yield, and, if strong enough, will break it, 
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64. NATURAL PHILOSOPHY. 


but will not drive in the nail. The object is attained by applying 
behind the board, as in Fig. 31, a block of wood or metal, against 
which the blows of the hammer will be directed. By adopting this 
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FIG. 31. 


plan, however, no increased resistance is opposed to the blows of the 
hammer, the momentum or moving force of which is equally imparted 
in both cases: but in the first case the momentum is received by the 
board alone, which, having little weight, is driven by it through so 
great a space as to produce considerable flexure, or even fracture; but 
in the second case the same momentum, being shared between the 
board and the block behind it, will produce a flexure of the board as 
much less as the weight of the board and block applied to it together 
is greater than the weight of the board alone. 

The same principle serves to explain a trick sometimes exhibited in 
feats of strength, where a man in-a horizontal position, his legs and 
shoulders being supported, sustains a heavy anvil upon his chest, 
which is then struck by sledge-hammers. The reason the exhibitor 
sustains no injury from the blows is, that the momentum of the sledge 
is distributed equally through the gréat mass of the anvil, and gives to 
the anvil a downward motion just as much less than the motion of 
the sledge as the mass of the sledge is less than the mass of the 
anvil. Thus, if the weight of the anvil be one hundred times greater 
than the weight of the sledge, its downward motion upon the body of 
the exhibitor will be one hundred times less than the motion with 
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e sledge strikes it, and the body of the exhibitor, easily yield- 
light a movement, and also resisting it by means of the 
e body, derived from its peculiar position, escapes with- 


which th 
mae to. S0:° 
elasticity of th 
out injury: 


117. When two bodies come in contact, Whenis the _ 


collision of 


the collision is said to be direct when a two bodies 


: ; said to be 
right line passing through their centers of S005 


. gravity passes also through the point of 


contact. 


The center of gravity :n such cases corresponds with the center of 
collision ; and if such a center come against an obstacle, the whole 
momentum of the body acts there, and is destroyed ; but if any other 

art is hit, the body only loses a portion of its momentum, and revolves 
round the obstacle as a pivot, or center of motion. 


18. When two non-elastic bodies, mov- When two 
; inelastic bod- 


ing in opposite directions, come IMtONGinect <ieecameanta 
5 collision, 


collision, they will each lose ant equal: Sone. 
amount of momentum. 


Hence the momentum of both after contact will be equal to the 
difference of the momenta of the two before contact, and the velocity 
after contact will be equal to the difference of the momenta divided 
by the whole quantity of matter. Let the quantity of matter in A be 
2, and its velocity 12; its momentum is therefore 24. Let the quan- 
tity of matter in B be 4, its velocity 3; its momentum will be 12. The 
momentum of the mass after contact, on the supposition they pioNe in 
opposite directions, and come in direct collision, will be the difference 
of the two momenta, or 12; and the velocity of the mass will be its 
momentum divided by the quantity of matter, or 12 divided by 6, 


which is 2.* 


* This whole subject, usually considered dry and uninteresting, will be found to 
possess a new interest, if the student will make himself a few simple experiments, 
by suspending leaden balls by the side of a graduated arc, as in Fig. 32, and 
allow them to fall under different conditions. The length of the arc through which 
they fall will be found to be an exact measure of the force with which they will 


strike. 
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ae 


if the velocity after collision that the moving one had when 
e. Fig. 33 represents two balls of clay, 
ae PD, non-elastic, of equal weight, sus- 


If two non-elastic bodies, as A and B, Fig. 32, be suspended from a 
Explainthe fixed point, and the one be 
results of the Yraised toward Y and the 
collisionof other toward X an equal 
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inelastic : ; 
pedis: amount, they will acquire an 
equal force, or momentum, in 
falling down the arc, provided their masses 
are equal; and will by contact destroy each 
other’s motion, and come to rest. If their 
momenta are unequal, they will, after con- 
tact, move on together, in the direction of the 
body having the largest quantity of motion, 
with a momentum equal to the difference of 
the momenta of the two before collision. 
119. The force of the shock produced by two equal 
To what wit! Dodies coming in contact with equal velo- 
callicinn oe, city will be equal to the force which either, 


collision of 


two bodies being at rest, would sustain if struck by 
oming in ° . : 

settee | the other moving with double the velocity ; 
equivalent? for, re-action and action being equal, each 
of the two will sustain as much shock from re-action 


as from action. 


Simao 


FIG. 32. 


If a person running come in contact with another who is standing, - 


Ilactrate both receive a certain shock. If both be running at the 
this princi- same rate in opposite directions, the shock is doubled. 
ple. In combats of pugilists, the most severe blows are those 
struck by fist against fist; for the force sustained by each in such cases 
is equal to the sum of the forces exerted by the two arms. If two 
ships, moving in contrary directions at the rate of twenty miles per 
hour, come in collision, the shock will be the same as if one of them,. 
being at rest, were struck by the other moving at forty miles per hour. 

120. If we suspend two balls of some non-elastic substance, as clay 
If oneinelas- Or putty, by strings, so that they can move freely, and 
tic body allow one of the balls to fall upon the other at rest, it 
Pes raed will communicate to it a part of its motion, and both 
other at rest, balls, after collision, will move on together. The quan- 
whatoccurs? tity of motion will remain unchanged, the one having 
gained as much as the other has lost; so that the two, if equal, will 


tog 


ded by strings. If the ball D be raised 
i jet fall against the ball E, a part of its 


and be communicated to E, and both 


otion will 
a ether will move on to e d. 
i21. If we suspend two. balls, A and B, 
Fig. 34) of some elastic sub- ee ee 
stance, aS 1VOTY, and allow them gjastic bodies 
* fall with equal masses and come into 
° collision, 

velocities from the points x be geen 

nd Y on the arc, they will not 
J me to rest after collision, but will recede from each other with 
0 
a same velocity which each had before contact. 

The reason of this movement in highly elastic bodies, contrary to 
what takes place in non-elastic ay 
bodies, is this: the elastic gions the dif- 
substances are compressed by fer a te 

results oO e 

the force of the shock ; but, 4 EBD 
instantly recovering their for- elastic and 
mer shape in virtue of their depen Pa 

: $ oaies 

elasticity, they spring back 
as it were, and re-act, each giving to the 
other an impulse equal to the force which 
caused its compression. 

Suppose the ball A, however, to strike 

upon the ball B at rest; then, after impact, 


Bie ot A will remain at rest, but B will move 


on with the same velocity as A aaci7|S 
had at the moment of contact. 
In this case the re-action of elas- 
ticity causes the ball A to stop, 
and the ball B to move forward 
with the motion which A had at 
the instant of contact. 

The same fact may be illus- 
trated by suspending a number of 
elastic balls of equal weight, as bens 
represented in Fig. 35. If the ball H be drawn out a certain dis- 
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68 NATURAL PHILOSOPHY. 


tance, and let fall upon G, the next in order, it will communicate its 
motion to G, and receive a re-action from it, which will destroy its 
own motion. But the ball G cannot move without communicating the 
motion it received from H to F, and receiving from F a re-action which 
will stop its motion. In like manner the motion and re-action are 
received by each of the balls E, D, C, B, A, until the last ball, K, is 
reached; but there being no ball beyond K to act upon it, K will fly 
off as far from A as H was drawn apart from G. 


SECTION II. 


REFLECTED MOTION. 


122, When any elastic body, as an ivory ball, is 
Whatisre. ‘thrown against a hard, smooth surface, the 
eae re-action will cause it to rebound from 
| such surface; and the motion it receives 
is called Reflected Motion. 

123. If the ball be projected perpendicularly, it 
eee will rebound in the same direction; if it 
mannermay be projected obliquely, it will rebound 
a moving : ; ; ; : : 
aly a obliquely in an opposite direction, making 

ted: : 5 

Fa the angle of incidence equal to the angle 

of reflection. 
= eer BAL IEE Angle of Incidence is the angle 
angle of in- formed by the line of incidence with a per- 
cidence ? : ° 

pendicular to any given surface. 
aM 125. The Angle of Reflection is the angle 
angle of re- formed by the line of reflection with a per- 
flection ? ’ ; 

pendicular. to any given surface. 


Thus, in Fig. 36, if the ball be projected or thrown upon the sur- 
face B, in the direction A B, it will rebound, or be reflected, in the 
direction BC. In this case the line A B is the line of incidence, and 
the angle A B D, which it makes with a perpendicular D B, is the 
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angle of incidence. In like manner the line B C is the line of reflec- 


tion, and 

the angle 

DBC 
angleof = 
reflection. SSS 
If the ball 


be pro- = == 
j ecte d = Sr TOSS 





Luni 
against 
the sur- 


face B, in epee, 
the direction B D, perpendicular to the surface, it will be reflected, 


or will rebound back, in the same straight line. 


126. The Angles of Incidence and Reflec- 1. neo. 


‘ lwavs equal to one another. portion ex- 
gan oo y d ists between 


5 pee the angles of 
Thus, in Fig. 36, the angles A BD and GP te incidence 


a and reflec- 
127. An Angle is simply the inclination Hens 
of the lines which meet each other in a point. The 


.: ._ Whatis an 
size of the angle depends upon the open eee 


ing, or inclination, of the lines, and not upon what 
2) does its size 


upon their length. descad 


In what con- 
sists the skill 
of the game 
of billiards ? 


The skill 
of the player 
of billiards 
and bagatelle 
depends upon 
his dexterous 
application of 
the principles 
of incident 
and reflected motion, which he has learned by long experience; viz., 


























































































































































































































7O NATURAL PHILOSOPHY. 


that the angle of incidence is always equal to the angle of reflection, 
and that action and re-action are equal and contrary. An illustration 
of the skillful reflection of billiard-balls is given in Fig. 37, which 
represents the top ofa billiard-table. The ball P, when struck by 
the stick Q, is first directed in the line P O, upon the ball P’, in such 
a manner that, being reflected from it, it strikes the four sides of the 
table successively, at the points marked O, and is finally reflected so 
as to strike the third ball P’. At each of the reflections from the 
ball P’, and the four points on the side of the table, the angle of inci- 
dence is exactly equal to the angle of reflection. 
cs 128. Imperfectly elastic bodies oppose 

y are im- : f ; 
perfectly the momentum of bodies in motion more 
elastic bodies . 
peculiarly Perfectly than any others, in consequence 
pierced st© of their yielding to the force of collision 
oppose and ; : : 
destroy without re-acting ; opposing a gradual re- 
momentum? , ; 

sistance instead of a sudden one. 


Hence a feather-bed, or a sack of wool, will stop a bullet much 
more effectually than a plate of iron, from its deadening —as it is pop- 
ularly called —the force of the blow. 


SECTION III. 


COMPOUND MOTION. 


129. A body acted upon by a single force moves 
Whatissim. 1n a Straight line, and in the direction of 
ple motion? that force. Such motion is designated as 
Simple Motion. | 

A body floating upon the water is driven exactly south by a wind 
*TWiuserate blowing south. A ball fired from a cannon takes the 


simple mo- _exact direction of the bore of the cannon, or of the 
wieEie force which impels it. 


és ae 130. A force has the same effect in pro- 


effectofa ducing motion, whether it acts on a body 
force be 


altered by at rest or in motion, or whether it acts 


other for ? cs 
er eorees* alone or with other forces. 
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Suppose from the point A, Fig. 38, about 240 feet above the earth, 
a ball to be projected in a perfectly hort- 
zontal line, A B; instead of traversing this 
Jine, it would, at the end of the first second, 
pe found that the ball had fallen 15 feet, at 
the same time it had moved onward in the 
direction of ‘B. Its true position would be, 
therefore, at a; at the end of the second 
second it would have passed onward, but 
have fallen to 4, 60 feet below the horizontal 
line; and at the end of the third second it 
would have fallen 135 feet below the line, 
and be atc; and thus it would move forward, and reach the earth 
at d, 240 feet, in precisely the same time it would have occupied in 
falling from A to C. The force of gravity is neither increased nor 
diminished by the force of projection. 


a 
Fic. 38. 


131. When a body is acted upon by two forces at 
the same time, and in different directions, ete 
as it cannot move two ways at once, it compound 
takes a middle course between the two. 
Such motion is termed Compound Motion. 

132. The course in which a body, acted What is the 


: 5 . course of a 
upon by two or more forces acting in dif- poay acted 


: : : 1 upon by two 
ferent directions, will move, is called the pe 


Resultant, or the resulting direction. called ? 


In Fig. 39, if a body, A, be acted upon at the same time by two 
forces, one of which would cause it | 7 | 
to move in the direction A Y, over 
the space A B, in one second of 
time, and the other cause it to move 
in the direction A X, over the space 
A C, in one second; then the two 
forces, acting upon it at the same 
instant, will cause it to move in a 
resultant direction, A D, in one sec- 
ond. This direction is the diagonal. 
of a parallelogram, which has for its sides the lines A B, A C, over 


Fic. 39. 
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72 - NATURAL “PHILOSOPHY. 


which the body would move if acted upon by each of the forces sep. 
arately. 

The operations of every-day life afford numerous examples of 
<r en resultant motion. Af we attempt to row a boat across 4 
familiar ex- Yapid river, the boat will be subjected to the action of 
amples of two forces: viz., the action of the oars, which tend to 
et ee drive it across the river in a straight line; and the 

action of the current, which tends -to carry it down the 
stream a certain distance. It will, therefore, under the influence of 
both these forces, move diagonally across the river. When we throw 
a body from the deck of a boat in motion, or from a railroad-car, 
the body partakes of the motion of the boat or the car, and does not 
strike at the point intended, but is carried some distance beyond it. 
For the same reason, in firing a rifle from the deck of a vessel, mov- 
ing rapidly, at some object at rest upon the bank, allowance must 
be made for the motion of the vessel, and aim directed behind the 
object. 

133. If the resultant direction be known, the two forces which 
May the produced it may be found by constructing a parallelo- 
forces — gram on a line which represents the given force. It is 
peace obvious that an infinite number of parallelograms may 
facultant be constructed on a given line. But, if it is required to 
be found? resolve the given force into two forces having fixed 
directions, then only one construction is possible. 


Sent a 134. Cireular Motion is the motion pro- 
escolar, duced by the revolution of a body about a 
motion : 

central point. 
Whatarethe 135. Circular motion is a_ species of 
two forces compound motion, and is caused by the 
which pro- i : 
duce circular Continued operation of two forces, the 
motion ? c y 

Centrifugal* and Centripetal Forces. 
Wien! 36. The Centrifugal Force is that force 
eninge which impels a body moving in a curve 
orce 
, to move outward, or fly off from a center. 


* Centrifugal, compounded of center, and /xgzo, to fly off. 
t Centripetal, compounded of center, and Zefo, to seek. 
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137. The Centripetal Force is that force which 
a body moving in a curve foward, sty pen 
er, and assists it to move in a tapi! 
urvilinear course. In circular 
entrifugal and centripetal forces are 


draws 
the cent 
bent, OK € 
motion the ¢ 


equal and constantly balance each other. 
b] 


If the centrifugal force of a body revolving in a circular path be 
ed, the body will immediately approach the What fol- 
ter; but if the centripetal force be destroyed, the lewd is 
fe, will fly off in a straight line, called a tangent. a ees 
a Bad, in whirling a ball attached by a string to the forces ate 
finger, the propelling force, or the force of projection, is destroyed : 
given by the hand, and the centripetal force is 
exhibited in the stretching or tension of the 
string. If the string breaks in whirling, the cen- 
tripetal force no longer acts; and the ball, by 
the action of the centrifugal force generated by 
the whirling motion, flies off in a tangent, or 
straight line, as represented in Fig. AO. + 1f,-on Sa 
the contrary, the whirling motion 1s too slow, 5 a! 
the centripetal force preponderates, and the ball IG. 40. 
falls in toward the finger. . 
Familiar examples of the effects of centrifugal force are common in 
the experience of every-day life. 
The motion of mud flying from the rim of a coach-wheel, moving 
rapidly, is an illustration of centrifugal force. <i ee 
The mud sticks to the wheel, in the first instance, waiiianallee 
through the force of adhesion; but this force, being teens fh 
very weak, is overcome by the centrifugal force, and the ae 
particles of mud fly off. The particles which compose 
the wheel itself would also fly off in the same manner, were not the 
force of cohesion which holds them together stronger than the cen- 
trifugal force. 
A cup filled with water is suspended by three cords. If the cords 
be twisted by turning round the cup, on withdrawing the hand the cup 
will begin to rotate rapidly, and the water will fly off from the edge of 


the vessel, as shown in Fig. 41. 
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74 NATURAL PHILOSOPHY. 


The centrifugal force, however, increases with the velocity of revo. 
Wate Sikt lution, so that if the velocity of the wheel were continu. 
Circus ally increased, a point would at last be reached when the 
stances will centrifugal force would be more powerful than the force 
abe Sa of cohesion, and the wheel would then fly in pieces. In 
Soe the this way almost any body can be broken by a sufficient 
force of rotative velocity. Large wheels and grindstones, re- 
copesion? volving rapidly, not infrequently break from this cause, 
and the pieces fly off with immense force and velocity. 

The fact that 
water can be ex. 
pelled or made to 
fly off from a mop, 
by the action of the 
centrifugal force 
produced by whirl- 
ing it, has been 
most ingeniously 
applied in an ar- 
rangement of mech- 
anism called the 
hydro-extractor, or 
centrifugal ma- 
chine, for the dry- 
ing of cloth, and 
the separation of 
molasses from su- 
gar in the manu- 
facture and refin- 
ing of sugar. The 

machine consists of a hollow wheel or cylinder, Fig. 42, turning upon 
an axle, and having its sides pierced with fine holes. The wet cloth 
or moist undrained sugar is placed in the interior of this wheel. It is 
then caused to revolve with great rapidity, when the water in the one 
case and the molasses in the other, contained in the fiber or the sugar, 
flies out and escapes through the holes in the sides. Cloth in this 
way may be rapidly dried; and the separation of sugar from molasses, 
which formerly required days to effect by draining, is accomplished 
in a few moments, 


When a bucket of water, attached to a string, is whirled rapidly 


pen el 7777 72 
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is presented down- 
: es not fall out when the mouth 1s p 
oS ward, since the centrifugal force 


imparted to the water by rota- 
tion tends to cause it to fly off 
from the center, and this over- 
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mes, or balances, the attraction of gravitation, 
Bich tends to cause the water to fall out, or 
. he center (Fig. 43). 
Bee on a carriage is moved rapidly round a 
corner, it is very liable to be overturned by the 
centrifugal force called into action. The ae 
carries the body of the vehicle forward in the 
same line of direction, while the wheels are sud- 
denly pulled around by the horses into a ee 
one. Thus a .oaded stage running south, an 
suddenly turned to the east, throws out the He 
gage and passengers on the south side of the 
road. When railways form a rapid curve, the 
outer rail is laid higher than the inner, in order 
to counteract the centrifugal force. 
An animal or man, turning a corner rapidly, 
leans in toward the corner or center of the 
curve in which he is moving, in order to resist 
the action of the centrifugal force, which tends 
im away from the center. 
' BREE cauicctrian feats exhibited in the circus, it a a oe 
that not only the horse, but the rider, inclines his body towa 


Fic. 43. 
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Cc e . 
enter, and according as the speed of the horse round the ring is ; 
Baas this inclination becomes more considerable. When be y . 
wa me . . ; © 
S slowly round a large ring, this inclination of his body is meee 
er- 


ceptible; i re is iSi 
e; if he trot, there IsSia visible Inclination inward and if h 
p ’ Ch 


allop, he incli i 

ee ee ae ee and when urged to full speed he lea 
nN Mis side, and his feet will b : . 

the partition whi will be heard to strike agai 
i uae ae se the ring. The explanation of all ae 
eas ees Be . ce caused by the rapid. motion around the nt 
€ horse out of, and away fr 3 

: rom, the cir 
See, he counteracts by leaning inward d ESTOS 
€ most magni eas Se 
: gnificent exhibition of centrifugal and centripetal f 

How dothe alancing each other is to be found in the a ae 

motions of - : rrangemen 
me a oe G the solar system. The earth and-other ne a 
tem illustrate pee around a center — the sun — with im _ 
the action of locities, and are constant] 6 Me€EnSe€ ve. 
Leura ae antly tending to rush off into space 

ae vey y the action of the centrifugal force, They are, h 
ever, restrained within exactly determined limits b He 
y¥ tne 


tal forces ? tt : 
attraction of the sun, whi 
. ch 
drawing them toward the center. ’ acts as a centripetal power 


Whatisthe’> 1'39.° The Axis of a body is the straight 


axis ofa 


Sear? line, real or imaginary, passing through 
it, on which it revolves, or may be 
posed to revolve. : a 


I | 
39. When a body is caused to rotate upon an 


ace ; 
Whenabody @X1S, all its parts revolve in equal times 


revolves : 
ee The velocity of each particle of a re 


axis, what volvine Ee ; 
peculiarities 2 body Increases with its perpen- 


do its several dicular dist ‘ 
partsexhibit? 5. its vel ie nce from the axIsS; and, 
velocity increas 
3 CSF tits 
fOnCe increases, ) centrifugal 


A moment’s reflection will show that a po} 
. point on the 
ae . . ce Bes round the axis in the same fine = ee 
ee ee Ns hub. But the circle described by the 
fon eee pee of the wheel is much larger than that 
eee part; and, as both move round the center j 
©, tne outer part must move with a greater velocity. 4 


MOTION. 17 


s4o. If the particles of a rotating body What effect 
does the ac- 


have freedom of motion among themselves, tion of cen- 
trifugal force 


ein the figure of the body may be oF ion 


d by the difference of the cen- tts newre of 
a body: 


a chang 
occasione 


trifugal force in the different parts. 


A ball of soft clay, with a wire for an axis forced through its 
center, if made to turn quickly, soon ceases to be a perfect ball. It 
pulges out ‘1 the middle, where the centrifugal force 1s greatest, and 
pecomes flattened toward the ends, or where the wire issues. 

41. The earth itself is an example of the operation of this force. 


diameter at the equator is about twenty-six miles What is the 


Its 
reater than its polar diameter. The earth is supposed cause of the 
present form 


ssumed this form at the commencement OF Its. aripeea tne 
revolution, through the action of the centrifugal force, | 
while its particles were in a semi-fluid or plastic state. 

This change may be illustrated by an apparatus represented 


44. This consists of an 

elastic circle, or hoop, 

fastened at the lower 

side on a vertical shaft, 

while the upper side is 

free to move. On turn- 

ing the wheels, so ar- 

ranged as to impart a 

very rapid motion to the 

shaft and hoop, the hoop 

will be observed to bulge 

out in the middle (owing 

to the centrifugal force 

acting with greater in- 

tensity upon those parts fart 

become flattened at the ends. 
142. At the equator the centrifugal force of a part 

1-28oth of its gravity. This diminishes as we approach 14% the 

the poles, where it becomes nothing. ee ee 
If the earth revolved seventeen times faster than it centripetal 

now does, or in eighty-four minutes instead of twenty- net re 

four hours, the centrifugal force would be equal to the 


to have a 


in Fig. 





hest removed from the axis), and to 


icle of matter is 
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78 NATURAL PHILOSOPHY. 


attraction of gravitation, which may be considered as the centripeta] 
What woulda force, and all bodies at the earth’s equator would be 
be the effect deprived of weight, since they would have as great a 
uted ci tendency to leave the surface of the earth as to descend 
tion of the towards its center. If the earth revolved on its axis ip 
earth were _ less time than eighty-four minutes, terrestrial gravitation 
teases = would be completely overpowered, and all fluids and 


loose substances would fly from its surface. 


143. There appears to be a constant tendency to 
rotary motion in moving bodies free to turn upon 
their axes. The earth turns upon its axis, as it 
moves in its orbit: a ball projected from a cannon, 
a rounded stone thrown from the hand, all revolve 
around their axes as they move. 


This phenomenon may be very prettily illustrated by placing a 
watch-glass upon a smooth 
plate of glass, Fig. 45, moist- 
ened sufficiently to insure 
slight adhesion, and fixed at 
any angle. As it begins to 
move toward the bottom of 
the inclined plane, it will 
exhibit a revolving motion, which uniformly increases with the accel- 
eration of its down- 

ward movement. 
144. The gyro- 
‘Describe the scope, 
gyroscope. Ss h own 
in Fig. 46, is a curious 
example of rotation. 
It consists of a disk 
C, revolving within 
the ring A. By means 
of the notch F, the 
ring may rest on the 
point of a stand G. 
| If the notch be placed 
on the point while the disk is not in motion, the instrument falls, as 


Fic. 45. : 


- onl 
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would be expected. But if the disk be made to rotate rapidly, not 
y will the instrument not fall, but it will begin to turn on the point 


as shown by the dotted line. If the ring A be depressed while the 


disk is in motion, it will rise again, and revolve in the same plane 
as before. T he gyroscope is also known as the “mechanical para- 


Hox.” 


practical Questions and Problems on the Principles and Compo- 
sition of Motion. 


x. The SURFACE of the EARTH at the EQUATOR moves at the rate of about a 
HOUSAND MILES in an HOUR: why are MEN not sensible of this rapid movement of 
the earth ? 

Because all objects about the observer are moving in common with 
him. It is the natural uniformity of the undisturbed motion which 
causes the earth and all the bodies moving together with it upon its 
surface to appear at rest. 

2. How can you easily see that the EARTH is in motion ? 

By looking at some object that is entirely unconnected with it, as 
the suz or the stars. We are here, however, liable to the mistake that 
the sun or stars are in motion, and not we ourselves with the earth. 


3. Does the sun really rIsE and SET each day ? 

The sun maintains very nearly a constant position; but the-earth 
revolves, and is constantly changing its position. Really, therefore, 
the sun neither rises nor sets. 

4. Why, to a PERSON SAILING in a BOAT on a smooth stream, or GOING SWIFTLY in 
a CARRIAGE on a smooth road, do the trees or buildings on the banks or roadside 
appear to move in an OPPOSITE DIRECTION ? 

The relative situation of the trees and buildings to the person, and 
to each other, is actually changed by the motion of the observer; but 
the mind, in judging of the real change in place by the difference in 
the position of the objects observed, wxconsciously confounds the real 
and apparent motion. 

5. Why will a tallow candle fired from a gun pierce a board, or target, in the same 
manner as a leaden bullet will, under the same circumstances ? 

When a candle starts from the breech of a gun, its motion is gradu- 
ally increased, until it leaves the muzzle at a high velocity; and when 
it reaches the board, or target, every particle of matter composing it 
is in a state of great velocity. At the moment of contact the particles 
of matter composing the target are at rest; and, as the density of the 
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80 NATURAL PHILOSOPHY. 


candle, multiplied by the velocity of its motion, is greater than the 
density of the target at rest, the greater force overcomes the weak 


er, 
and the candle breaks through, and pierces a hole in the board. 


6. Why, with an enormous pressure and slow motion, can you not force a candle 
through a board ? 

Because the candle, on account of its slow motion, does not POSsess 
sufficient momentum to enable the density of its particles to overcome 
the greater density of the board; consequently the candle ‘itself jg 
crushed, instead of piercing the board. 


7- Why will a large ship, moving toward a wharf with a motion hardly perceptible, 
crush with great force a boat intervening ? 

Because the great mass and weight of the vessel compensate for 
its want of velocity. 


8. Why can a person safely skate with great rapidity over ice which would not 
bear his weight standing quietly ? 

Because time is required to produce a fracture of the ice: as soon 
as the weight of the skater begins to act upon any point, the ice, 
supported by the water, bends slowly under him; but, if the skater’s 
velocity be great, he passes off from the spot which was loaded ‘before 
the bending has reached the point at which the ice would break. 


g. A HEAVY COACH and a LIGHT WAGON came in collision on the road. A suit for 


damages was brought by the proprietor of the wagon. How was it shown that ONE 


of the VEHICLES was moving at an UNSAFE VELOCITY ? 


On trial, the persons in the wagon deposed ¢hat the shock occasioned 


by coming in contact was so great, that it threw them over the head of 
their horse ; and thus lost their case by proving that the faulty velocity 
was their own. 


10. Why did the Fact that they were THROWN over the HEAD OF THE HORSE, by 
coming in contact with the coach, prove that their velocity was GREATER than it ought 
to have been ? 

The coach stopped the wagon by contact with it; but the bodies of 
the persons in the wagon, having the same velocity as the wagon, and 
not fastened to it, continued to move on. Wad the wagon moved slowly, 
the distance to which they would have been thrown would have been 
slight. To cause them to be thrown as fur as over the head of the 
horse would require a great velocity of motion. 


tz. When TWO PERSONS STRIKE their HEADS together, one being in MOTION and 
she other at REST, why are both equally hurt? 


Because, when bodies strike each other, action and re-action aré 
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“yal: the head that is at rest returns the blow with equal force to 
Fe head that strikes. 


2 When an elastic BALI. is thrown against the side of a house with a CERTAIN 
I ° 


FORCE; why does it rebound ? 
Because the s¢de of the house resists the ball with the same force ; 


and the ball, being elastic, rebozzeds. 


When the SAME BALL is thrown against a PANE of GLASs with the same force 
A p.. through, breaking the glass: why does it not rebound as before ? 
it ° e 
Because the glass has not sufficient power to resist the full force 
¢ the ball: it destroys a part of the force of the ball; but, the remain- 
@ e 
der continuing to act, the ball goes through, shattering the glass. 
14. Why did not the MAN succeed who undertook to make a FAIR WIND for his. 
.LEASURE-BOAT, by erecting an IMMENSE BELLOWS in the STERN, and blowing against 
P 
the sails? 
Because the action of the stream of wind and the re-action of the 
sails were exactly equal, and consequently the boat remained at rest. 
15. If he had blown in a CONTRARY DIRECTION from the sails, instead of against 
them, would the boat have moved? 
It would, with the same force that the air issued from the bellows- 
pipe ; 
16. Why cannot a MAN raise himself over a FENCE by pulling upon the STRAPS of 
his BOOTS ? é 
Because the action of the force exerted by the muscles of his arms 
is counteracted by the reaction of the force, or, in other words, the 
resistance of his whole body, which tends to keep him down. 


17. Why do WATER-DOGS give a SEMI-ROTARY MOVEMENT to free themselves from 


~ water ? : 
Because in this way a centrifugal force is generated, which causes 

the drops of water adherent to them to fly off. 
18. Why is the coursE of rivers rarely STRAIGHT, but SERPENTINE and WINDING ? 


When, from any obstruction, the river is obliged to bend, che cen- 
trifugal force tends to throw away the water fron the center of the 
curvature; so that, when a bend has once commenced, it increases, and 
is soon followed by others. Thus, for instance, the water being 
thrown by any cause to the left side, it wears that part into a curve, OF 
elbow, and by its centrifugal force acts constantly on the outside of 
the bend, until the rock or higher land resists its gradual progress ; 
from this limit, being thrown back again, it wears a similar bend to 
the right hand, and after that another to the left, and so on. 
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84 NATURAL PHILOSOPHY. 


reaches A it will have no energy of position. But during its passage 
from B to A its motion, under the influence of gravity, will be 
gradually accelerated. At A this motion will be greatest, and the 
pendulum will now possess its maximum of actual energy. This 
energy may be communicated to another body, or, in this case, it 
may be employed to lift the pendulum to the point C. In passing 
from A to C actual energy is spent and potential energy is gained. 
When at C the pendulum is in the same condition as regards its 
energy as it was when at B.. Actual and potential energy are mutually 
convertible, and their sum in any system is always equal to a fixed 
quantity. What is lost in actual energy is gained in potential, and 
the reverse. 

Sound, light, heat, electricity, magnetism, muscular energy, mechan- 
ical work, — all forces in the universe, are but forms of energy, and 
are mutually convertible. 


146. The principal agents from which we directly 
obtain power or force for the performance 

What arethe mc : 
principal of work are, men and animals, moving 


sources of 


ee water, wind, steam, and gunpowder. Elec- 


tricity and magnetism, when called into. 


action, and capillary attraction, are also agents of 
power; but none of these are capable as yet of 


being used to any very great extent for the produc- | 


tion of force. 


The ultimate source of all power or force is, however, the sun. 
Through its influence plants grow, and winds and currents of water are 
generated. The products of vegetation in turn serve as food for ani- 
mals, and as fuel for the production of artificial heat, — food consumed 
by animals serving the same purpose in generating (vital) force as the 
fuel burnt ina furnace under a boiler. Al] water, also, that falls as 
rain, or as cataracts and streams, has been previously lifted in the 
form of vapor to the elevation from which it falls, through the action 
of solar heat; and to the influence of the sun upon the earth may 
undoubtedly be also referred the movement of magnetic and electric 
currents, which seem to pervade all matter. 





APPLICATION OF FORCE. 


147. Force is equally as indestructible as matter ; 
ay, in other words, there is no such thing ,, force inde- 
be a destruction of force: consequently sc 
a amount of force in operation in the earth, and 

ossibly throughout the universe, never varies In 
quantity, but remains always the same. 


Some of the reasons which have led to a belief in the indestructi- 
AF > ma’ tated as follows :— 
es wich we can judge of the existence of a force is 
f ae ee it produces; and of these effects, that which is the 
s t evident to our senses is the power either of producing motion, 
sting it, or of altering its direction: whatever is capable of effect- 
: these results is considered as a form of force. Motion, therefore, 
Ee be considered as the indicator of force; and wherever we perceive 
Bion we may be certain that some force is operating. Now, : ee 
be found, that in all cases in which work is performed, —or, to sta ss 
‘n other words, in all cases in which force is exerted and apparently 
4 de to disappear, —that it has expended itself either in setting into 
Bion some other force, or else it has produced a definite and oa 
amount of motion. This motion when used will again give rise to : 
equal amount of the force which originally produced it. For ee 8 
we burn coal in the air; the coal changes its form and a quanti : : 
heat remains, which heat represents the chemical force ae e : 
The heat thus developed is now ready to do work: it may be Ee a 
in converting water into steam, and the steam so obtained oe t ae a 
the medium of machinery, be applied to the production of mo ia 
Motion may again be made to produce heat, —as through aes e 
example, —and recent experiments seem to show that me ee : 
heat so developed by motion would, if collected and ae : Be 
to be equal in amount to that which produced the motion. : ie 
produced by motion is generally dissipated, and lost for areas y a 
poses, but it is not absolutely lost. It has been absorbed, or - = 
through space, or converted into some other form of force, whic , 
turn takes part in some of the great operations of nature, or ae n 
ministers to the wants and necessities of man. Numerous other acts 
in support of the view that force, like matter, changes but is never 
destroyed, might be adduced. 






































































































































































































































































































































86 NATURAL PHILOSOPHY. 


148. When work is performed by any agent, there 
is always a certain weight moved over a 
What is the : : 
standardfor Certain space, or a resistance overcome: 
comparing 
heencu: theamount of work performed, therefore, 
af ene will depend upon the weight or resistance 
orme : : . 
different that is moved, and the Space over which it 
forces ? ° A ; 
is moved. For comparing different quan- 
tities of work done by any force, it is necessary to 


have some standard; and this standard is: the power 


or labor expended in raising a pound weight one foot ~ 


high, in opposition to gravity. This standard is 
known as a foot-pound. 


149. The estimate of the uniform strength of an 


Whatisthe Ordinary man, for the performance of or- 
estimated 


strength of a “inary daily mechanical labor, is, that he 
man? can raise a weight of ten pounds to the 
height of ten feet once in a second, and continue 
to do so for ten hours in the day. 


Hees Koes A man can exert his greatest active strength in pull- 
manexerthis ing upward from his feet, because the strong muscles 
greatest of the back, and those of the upper and lower extremi- 
strength ? ties, are then brought most advantageously into action. 

The comparative effect produced in the different methods of ap- 
plying the force of a man may be indicated as follows: in the action 
of turning a crank, or handle, his force may be represented by the 
number 17; in working a pump, by 20; in pulling downward, as in 
ringing a bell, by 39; and in pulling upward from the feet, as in the 
action of rowing, by 41. 


What is the 150. The estimated strength of a horse 
estimated 


strength ofa 1S, that he can raise a weight of thirty- 
hoe three thousand foot-pounds. Such a meas. 


** horse- 


power”? —_ ure of force is called a “‘horse-power.”’ 
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: strength of a horse is considered to be equal to that of five 
4 ae average strength which a horse can exert In drawing 1s 
men. 


ab 


of one pound of coal is capable of raising ten million pounds to 
° Oo 
Fe heiaht of one foot in a minute. 
, 1 How is the 
ae oe ve prog cee res ; mors effect of a 
ower is alway S expressed by a certain moving 


power 


weight raised a certain height. expressed? 


To find, therefore, the effect of a moving power, or to find the 
wer expended in performing a certain work, we have the following 
po 


rule *—— 


152. Multiply the weight of the body How may 


the power 


i vertical space expended in 
moved, in pounds, by the pace, eee 


in feet, through which it is moved. Comammede 


Thus, for example, if a horse draw a loaded wagon with ee 
by which the traces are stretched to as great a degree = = a 
hundred pounds were suspended vertically from oe a a te 
horse thus acting draws the wagon over a space of a os < . 
the mechanical effect produced is said to be two hundre 
raised a hundred feet; or, what is the same thing, twenty, ene 

unds raised one foot. When a horse draws a carriage, the work he 
e rms is expended in overcoming the resistance of friction of the 
ras. which opposes the motion of the carriage ; but pbranees o 
and diminishes as the weight of the load increases Or diminis as ho 
work performed will therefore be estimated by multiplying tl e : 
resistance of friction, as expressed in pounds, by the space over whic 

ijage is moved. 

Sic following examples will illustrate how we are enabled, by the 
above rules, to calculate the amount of power required yyyctrat e the 
to perform a certain amount of work. Suppose we parent 
wish to know the amount of horse-power required to cee 

lift 224 pounds of coal from the bottom of a mine 600 Peres tori 
feet deep. The weight, 224, multiplied into ae pees 
feet, equals 134,400, the amount of work fo be per oe Baas 
ute; a horse-power equals 33,000 pounds raised one os is sat 
therefore 134,400 33,000 = 4.07, horse-power required. } 































































































































































































































































































88 NATURAL PHILOSOPHY. 


to perform the same work by a steam-engine, we would order 
gine of 4.07 horse-power, and the engine-builder, knowing the dimen. 
Sions of the parts of an engine essential to give one horse-powe 
build an engine capable of performing the requisite work, : 

Again: Suppose a locomotive to move a train of cars, on a level, 
at the rate of 30 miles per hour,’ the whole weighing 25 tons, with 
a constant resistance from friction of 200 pounds: what is the horse. 
power of the engine? Thirty miles per hour equals 2,640 feet per 
minute; this space multiplied by 200 pounds, the resistance to be 
overcome, equals 528,000, the work to be done every minute; which, 


divided by 33,000 (one horse-power), equals 16, the horse-power of 
the locomotive. 


153. An instrument for measuring the relative 


isa. Strength of men and animals, and also of 
What is a 


dynamome- the force exerted by machinery, is called 
pee a Dynamometer. 


Fig. 48 represents one of the most common forms of the dynamom- 

| ¥ eter, consisting of a band of 
steel, bent in the middle, so as 
to have a certain degree of 
flexibility. To the expanded 
extremity of each limb is fixed 
an arc of iron, which 


Passes freely through an 
opening in the other limb, and terminates outside in a hook or 


ring. -One of. these arcs is graduated, and represents in pounds 
the force required to bring the two limbs nearer together. 
Thus, if a horse were pulling a rope attached to a body which 
he had to move, we may imagine the rope to be cut at a cer- 
tain point, and the two ends attached to the ends of the aves, 
as represented in Fig. 48: the force of traction exerted by the 
animal would be seen by the greater or less bringing together 
of the ends of thé instrument. 

In ‘another form of dynamometer, Fig. 49, which is also 
used as a spring balance in weighing, the force is measured by 
the collapsing of a steel spring, contained within a cylindrical 
case. The construction and operation of this instrument will 
be easily understood from an examination of the figure. 


an e€n- 


adapt 


» Can 


8 
APPLICATION OF FORCE. 9 


bi A. Machine is an instrument, or apparatus, 

I e e ° a 

ed to receive, distribute, and apply What isa 
acnine 

n derived from some external force, ™ 


tio 
a h a way as to produce a desired result. 


e | f machines. 
team engine and a water-wheel are examples O 
A Ss = 


ive the power of steam in the one Case, and the power of 
es and apply it for locomotion, sawing, ham- 


They rec 


falling water in the other, 
mering, &c- 


7 : under an Cir- Do we pro- 
m5. 4 gnachine can not, y a Ree 
cumstances, create power, or increase eceice 


ae 
quantity of power, or force, appled?toi it. machine: 


Sai rey, 
achine will enable us to concentrate, or divide, any eee 
a ch we may possess, but it no more increases the quantity 


: ll-pond increases the quantity of water flow- 


of force applied than a mi 

‘ng in the stream. 

SB achines, in fact, do not increase an applied aa 
j 5 c 

‘<h it; or, in other words, no machine ever transmits t bs 7 ee 

PS. amount of force imparted to it by the moving chines in 

4 since a part of the power is necessarily ex- reality 


Oe : : sats diminish 
Bded in overcoming the inertia of matter, the friction (ones 


but they dimin- 


£ the machinery, and the resistance of the atmosphere. 
0 


156. Perpetual Motion, or the construction of ma- 
chines which shall produce power suilicient 1. perpetual 


motion in 


to keep themselves in motion COMtMNUall ye eae 


i ibili 1 ossible? 
is therefore an impossibility, simce no P 


combination of machinery can create or ae 

the quantity of power applied, or even preserv 
iminution. 

| we. ee advantages from machines in three 

different ways: 1st, from the additions How do we 
they make to human power; 2d, from vantages 
economy they produce of human time; fromm 


chines ? 
3d from the conversion of substances 
9 














































































































































































































































































































90 NATURAL PHILOSOPHY, 


apparently worthless and common into valuable prod. 
ucts. 

158. Machines make additions to human power, 
How doma-. because they enable us to use the power 
Gunes mare Of Natural agents, as wind, water, steam. 
additions to E 
human They also enable us to use animal power 
power ? ° 

with greater effect, as when we move an 
object easily with a lever which we could not With 
the unaided hand. ) 


How doma- © 159. Machines produce economy of hu- 
chines pro- man time, because they accomplish with 
duce econo- Abas : 

myofhuman rapidity what would require the hand un- 


Rae aided much time to perform. 


A machine turns a gun-stock in a few minutes: to shape it by hand 
would be the work of hours. 


160. Machines convert objects apparently worth- 


How doma- less into valuable products, because by 
chines con- 


vert worth. their great power, economy, and rapidity of 
Hie eugene action they make it profitable to use ob: 
Products? —_ jects for manufacturing purposes which it 
would be unprofitable or impossible to use if they 


were to be manufactured by hand. 3 


Without machines, iron could not be forged into shafts for gigantic 
engines; fibers could not be twisted into cables; granite, in large 
masses, could not be transported from the quarries. 


161. In machinery, we designate the moving force 


Definepow- as the Power; the resistance to be over- 
er, weight, i b ° ii 
and working COMe€, whatever may be its nature, as the 
fliedton, Weight; and the part of the machine im- 
plied to ma- oe : ; 

chinery. mediately applied to the resistance to be 


overcome, as the Working Point. 


APPLICATION OF FORCE. Ot 


ote 


, T vantage that whatis the 
162. The great general ad = great general 


obtain from machinery is, that it ena~ cae nree ct 
we : P 
: space for 
ples us to exchange time and sp 


machinery ? 


powel. 
Thus, if a man could raise to a certain height two hundred pounds 
: minute, with the utmost exertion of his strength, no arrange- 
% ES machinery could enable him unaided to raise two thousand 
es in the same time. If he desired to elevate this weight, he 
Pia ve obliged to divide it into ten equal parts, and raise each part 
Sa tely, consuming ten times the time required for lifting two hun- 
ee ae The application of machinery would enable him to 
e e ae whole mass at once, but would not decrease the time occu- 
oe in doing it, which would still be ten minutes. 
. Again: A boy who can not exert a force of fifty pounds may, by 
s Sia claw-hammer, draw out a nail which would support the 
es ht of half a ton. It may seem that the use of the hammer in this 
Be creates power; but it does not, since the hand of the boy is re- 
Fired to move through perhaps ove foot of space to make qe ee 
rise one-quarter of an inch. But it has been already en : me s 
force of a small body moving with great velocity may equa u. : a : 
of a large body with a slight velocity. On the same oe Cy e 
small weight, or power, exerted by the boy on the end of the ae 
handle, moving through a large space with an increased ve g _ 
acquires sufficient momentum to overcome the great resistance oO e 
nail. | 
In both of these examples space and time are exchanged for ees 
163. The mechanical force, or momentum, of a body, is ascertaine 
by multiplying its weight by the space through which mene 
it moves in a given time, that is to say, by its velocity. jj echanical 
The mechanical force, or momentum, of @ Power, may effect of a 


a a : *, power de- 
also be found by multiplying the power, or its equivalent tenneneas 


weight, by its velocity. 


164. The power, multiplied by the space through 
which it moves in a vertical direction, iS What eee 
equal to the weight multiplied by the librium of all 
space through which it moves in a vertl- machines ? 


cal direction. 

















































































































































































































































































































92 NATURAL PHILOSOPHY. 


This is the general law which determines the equilibrium of aj 
machines. | 

165. The power will overcome the resistance of 
een LDC weight, and motion will take place in 
conditions a machine, when the product arising from 
will motion pr ari 
take placein the power multiplied by the space through 
amachine? which it moves in a vertical direction js 
greater than the product arising from the weight 
multiplied by the space through which it moves in a 
vertical direction. 

Practical men express the principle of equilibrium in machinery by 
What is saying that “what is gained in power is lost in time,” 


meant bythe Thus, if a small power acts against a great resistance, 


expression, the motion of the latter will be just as much slower 
Power is 


gained at the than that of the power as the resistance, or weight, is 


expense of = greater than the power; or, if one pound be required to 
BRIO" G overcome the resistance of two pounds, the one pound 


must move over two feet in the same time that the resistance, two. 


pounds, requires to move over one. 


SECTION I. 


THE ELEMENTS OF MACHINERY. 


166, All machines, no matter how complex and 
How many. ltricate. their. construction, may be re- 
imple ma- ° 3 
eee <CuCed tO One Ol more of Six simple ma- 
there? chines, or elementary principles, which we 
call the “‘ Mechanical Powers.”’ 

Enumerate 167. They are the Lever, the Wheel and 
the sixele- Axle, the Pulley, the Inclined Plane, the 


mentary ma- 


chines. Wedge, and the Screw. 


APPLICATION OF FORCE. 03 


These simple machines’ may be further reduced to three, —the 

r, the pulley, and the inclined plane; since the wheel and axle, 
a Pee ai and the wedge may be regarded as modifications of them. 
Drie Wane “mechanical powers,” which has been applied to the six 


Jementary machines, is unfortunate, since it serves to convey an idea 
ele 


hat they are really powers, when in fact they possess no power in 
Pe racclves and are only instruments for the application of power. 


168. A Lever consists of a solid bar, whatisa 
straight or bent, turning upon a _ pivot, 


lever ? 


prop, OF axiS. 
169. The Arms of the lever are those What are 
: h fe) 
parts of the bar extending from the ful- Daas 


crum to the weight and to the power. 


170, The Fulcrum, or prop, is the name What is the 
applied to the axis, or point of support. 

171. Levers are divided into three kinds, or classes, 
according to the position which the ful- How many 
crum has in relation to the power and finds°% | 
the weight. there? 

172. In the first class the fulcrum is between the 


power and the What are the 


“ Soe relative posi- 
weight ; mM the tions of the 


second class the power, ful- 
crum, and 


Me fulcrum is at weight, in 


the three 
one end of the jG. of 


fer, and the !evers? 

weight is between the ful- 
crum and the power; in 
the third class the fulcrum 
is at one end of the lever, 
and the power is between the fulcrum and the weight. 


Fic. 50. 


Fig. 50 represents the three classes of levers, numbered in their 
order, 1, 2,3. P is the power, W the weight, and F the fulcrum. 









































































































































































































































































































































































































































94 NATURAL PHILOSOPHY. 


A crowbar. applied to elevate a stone is an example of a lever 5 
What are the first kind. In Fig. 51, which represents a lever 
examples of Of this class, a indicates the fulcrum which supports the 
levers of the bar, 6 the power applied by the hand at the end of the 
first class? . longest arm, and ¢ the weight, or stone, raised at the end 
of the short arm. A poker applied to stir up the fuel of a grate is a 


lever of the first class, the 


| 7 _6, fulcrum being the bars ¢ 
i eT —— ; = ie grate ; the brake, ie 


es handle of a pump, is also 
a familiar example. Scis. 
Sors, pincers, &c., are com. 
posed of two levers of the 
first kind; the fulcrum 
being the joint, or pivot, and the weight the résistance of the substance 


to be cut or seized. The power of the fingers is applied at the other 
end of the levers. 


Whatisthe 173. A lever will be in equilibrium, 


law of equi- 


librium of | When the power and the weight are to 


thelever? each other inversely as their distances 
from the fulcrum. 


4 


Thus, if in a lever of the first class the power and the weight are — 


equal, and are required to exactly balance each other, they must be 
placed at equal distances from the fulcrum. If the power is only half 
the weight, it must be at double the distance from the fulcrum; if one- 
third of the weight, three times the distance. If we suppose, in Fig. 
51, ¢ to represent a weight of three hundred pounds, placed two feet 
from the fulcrum a, and 6 a power of a hundred pounds placed 


six feet from a, then ¢ and 6 will be in equilibrium, for (300 X 2) = 
(100 X 6). 


174. When the weight, and lengths of the two arms 


of a lever, are siven the power requisite 
Weight, and 4 S : PB q ue 


thelength of balance the weight may be ascertained by 
the arms of a 


lever, being dividing the product of the weight, multi- 
iven, h i Sa ee rea 
wefindthe Plied into its distance from the fulcrum, by 


equivalent the distance of the power from the fyl- 
power. 
crum. 


APPLICATION OF FORCE. 95 


ic e. the fulcrum at ONE wyyot are 

he second — see on b vercome, examples of 
Ta d the weight, or resistance to be o repay: levers of itite 

3 the fulcrum and the power. An oar 1S a leve Se qnes? 
between in which the re-action of the water 

ne second class; } he weight, and the hand of 
get t the blade is the fulcrum, the boat the weight, 
a ains 


he boatman the power. A 
, moved on its hinges 1s 
Be cr example. A wheel- 
a ow is a lever of the sec- 
a class, the fulcrum being 
a point at which the wheel 
resses upon the ground, the 
: rrow and its load the 
et and the hands the - 
fi shi ‘no the fulcrum, the resistance of the she 
which unites them being 


i hand the power. 
m the weight, and the 
Bee of’ nid represeiits a lever of the third class, m 


end, 


e 
Nut crackers are two levers of the second class, the hinge 
= 


place 
176. A pair of suga 
which the power is applied What ave ex: 


between the fulcrum and the GCG Sis 
i evers 
resistance, OF weight. In Neer wee 


‘i the fulcrum is at @, 

Be i atanice is the piece of — as 

lifted at 4,and the power 1s t e. : oa 

applied at ¢. When a man Lae ee 

der against a wall, he employs a He a 

the third class; the fulcrum being ae 

of the ladder resting a ae soles 

a Bus hte nae ie weight of the ladder. 
It, 


177. In levers of the third class, the power, being 


between the fulcrum and the weight, will whatis the 
e 


relation be- 
be at a less distance from the fulcrum ir 


1 ( ] iN power and 
than the weight; and, consequent y> Eee eeere te 
this form of lever the power must be tevers of the 

iS 


: third class ? 
always greater than the weight. 
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96 NATURAL PHILOSOPHY. 


Thus (in No. 3, Fig. 50), if the length from the point where the 
weight, W, is suspended to F be three times the length of P F, then a 
weight of one hundred pounds suspended at W will require a power 
of three hundred applied at P to sustain it. 

Owing to its mechanical disadvantages, this class of levers is rarely 


nder what 
circum- cept where 


stances do a quick 

we ae motion jg 

ehiva tase > require d, 

rather than 

great force. The most 

striking examples of ley- 

ers of the third class are 

found in the animal king- 

dom. The limbs of ani. 

mals are generally levers 

of this description. The socket of the bone, a, Fig. 54, is the ful- 

crum; a strong muscle attached to the bone near the socket, ¢, and 

extending to d,is the power; and the weight of the limb, together 

with whatever resistance, w, is opposed to its motion, is the. weight. 

A very slight contraction of the muscle in this case gives considerable 
motion to the limb. 

The leg and claws of a bird are examples of the third class of 
levers, the whole arrangement being admirably adapted to the wants 
of the animal. When a bird rests upon a perch, its body constitutes 
the weight, the muscles of the leg the power, and the perch the ful- 
crum. Now, the greater the weight of the body, the more strain it 
exerts upon the muscles of the claws, which, in turn, grasp the perch 
more firmly; consequently a bird sits upon its perch with the greatest 
ease, and never falls off in sleeping, since the weight of the body is 
instrumental in sustaining it. 


178. A Compound Lever is a combination of several 
Whatisa Simple levers, so arranged that the shorter 
ieee arm of one may act upon the longer arm 

of another. In this way the power of a 
small force in overcoming a large resistance is greatly 
multiplied. 


APPLICATION OF FORCE. 97 


arrangement of compound levers is shown in Fig. 55. Here, by 
2 nree simple levers, one pound may be made to balance one 


f tl 
| for, if the long arm of each of the levers 1s ten times the 
? : 


eo , i short one, one pound at the end of the first one will 
Jeng 


WA 
A 


Fic. 55. 


force of ten pounds upon the end of the second one, which will 
? exert ten times that amount, or one hundred pounds, upon the 
ie a the third one, which will balance ten times that amount, or one 
end 0 


thousand pounds, at the other extremity. 


exert 


What is the 
179. The disadvantage of a compound 3 lavantase 


' 1 i is limi qa of acom- 
lever is, that its exercise is limited to cee 


very small space. 























180. The different varieties of weighing-machines are varieties or 
The common steelyard is 4 Describe the 
It common 
steelyard. 


combinations of levers. 
lever of unequal arms, belonging to the first class. ; 
consists of a bar (Fig. 56) marked with notches to indi- 
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98 NATURAL PHILOSOPHY. 


cate pounds and ounces, and a weight which is movable along the 
notches. The bar is furnished with three hooks, or rings, on the 
largest of which the article to be weighed is always hung. The other 


hooks serve to support the instrument when it is in use; and the Pivot . 


by which they are attached to the bar serves as the fulcrum. The 
weight Q, sliding upon the bar, balances the article P, which is to be 
weighed; it being evident that a pound weight at D will balance as 
many pounds at P as the distance A C is contained in the space D C. 

It may happen, that, when the weight Q is moved to the last notch 
upon the bar B C, the article P will still preponderate. In this 
case the steelyard is held by the hook or ring nearer to A, which 
hangs down in the figure, and the steelyard turned over, it being fur. 
nished with two sets of notches on opposite sides of the bar. By this 
means the distance of P, the article weighed, from the fulcrum, is 
diminished ; and the weight Q, at the given distance upon the opposite 
side of the fulcrum, will balance a proportionally greater resistance, or 
weight. 

181. The ordinary balance is a lever of the first class, with equal 
Describe the !ms, in which the power and the weight are necessarily 
ordinary bal- equal. Fig. 57 shows the common form. The fulcrum, 
BHCE: or axis, is made wedge-like,. with a sharp, knife-like 
edge, and rests upon a surface of hardened steel, or agate, In order 

that the beam may turn 
easily. The scale-pans 


- are suspended by chains ~ 


from points precisely at 
equal distances from the 


fulcrum, and, being them.’ 


Selves adjusted so as to 

have precisely equal 

weights, the two sides 
will perfectly balance when the pans are empty. 

182. If the two arms of a scale-beam be not of perfectly equal 
Under what length, a smaller weight at the end of the larger arm 
circum- will balance a greater weight at the end of the shorter. 
stances Will’ “An excess of half an inch in the length of the arm of 
a balance in- 
dicate false the beam to which merchandise is attached, where the 
weights ? arm should be eight inches long, would cheat the buyer 
exactly one ounce in every pound. This fraud, if suspected, might be 
detected instantly, by transposing the weight and the article balanced: 


APPLICATION OF FORCE. 


lightest would then be at the end of the short arm, and would 
ci ighter than it actually is. 


th 
appeat l 








183. Platform scales, and scales intended for 
weighing hay, &c., are usually compound whatis the 
: : construction 

Jevers, and are constructed in very various ¢¢ jiatform 


forms, but all depend on the principles scales? 


above explained. Fig. 58 represents one of the 


varieties, and Fig. 59 a section of the same, showing 
the arrangement and combination of the levers. 


ig 


Fic. 59. 


184. When a lever is applied to raise a weight, or overcome a 
resistance, the space through which it acts at any one time is small, 
and the work must be accomplished by a succession of ywyyot cir- 
short and intermitting efforts. These circumstances, cumstances 
therefore, limit the utility of the common lever, and re- aa me ne 
strict its use to those cases only in which weights are ssi 


required to be raised through small spaces. 











































































































































































































































































































































































































TOO NATURAL PHILOSOPHY. 


185. When, however, a continuous motion is required, as in raisin 
nee ore from a mine, or in lifting the anchor of a ship, in 
Ow iS . Onuit ° 
continuous Order to remove the intermitting action of -the lever, 
motion ob- and render it continual, we employ the simple Machine 
tained ? known as the wheel and axle, which is only another 


form of the lever, in which the power is made to act without inter. 
mission. 


186. The form of the simple machine denominated 


the Wheel and Axle consists of a cylinder 
What isa 5 : ? 
wheeland termed an axle, revolving on an axis, and 

axle? ° . . 
having a wheel of larger diameter immova. 


bly attached to it, so that the two revolve with a 
common motion. 


In Fig. 60, a represents the axle with a wheel immovably attached 


Describe the 0 it, and the wheel 
action of the turning on pivots in- 
wheel and serted into the ends 
EA of the axle. Around 
this axle is wound a rope, to which 
is attached the weight 7, and around 
the wheel is another rope, to which 
the power is applied. It is evi- 
dent that one turn of the wheel 
will unwind as much more rope 
from the wheel than it winds on 
the axle as its circumference js 
greater. The power / will there- 


fore pass over a much greater space 
than the weight 7, The weight on the axle, which may be considered 


as acting on the short arm of a lever which is the radius * of the axle, 
may be much heavier than the power which acts at the long arm of a 
lever, which is the radius of the wheel. 

Hence the advantage gained in the wheel and axle is equal to the 
number of times that the radius of the axle is contained in the radius 


S 


= 
Oy 
= 


Se 
_——<_<_<$ $< 
zy 
. Sega tars 
Shi litt 


— > er 


* The radius of a wheel, or cylinder, is its semi-diameter, or a line drawn from its 
center to its circumference, The spoke of a carriage-wheel represents its radius. 


APPLICATION OF FORCE. IOI 


heel; and, to estimate the mechanical advantage gained by the 
he W ’ 


ert axle, we have the tollowing rule :— 


wheel and How do we 


87. The power is to the weight as the ectimate the 
eZ, $ 


advantage of 
the wheel 
and axle? 


~dius of the axle is to the radius of the 
ra 


wheel. 


If ther 
of the axle 24 b 


adius of the wheel cd be twenty-four inches, and the radius 
e three inches, then the advantage gained pias = 

j the whee 
3 3, and a power of a hundred pounds applied to the 


y balance a weight of eight hundred applied to the axle. 


would 


83, The methods of applying power in the wheel and axle are 
130. 


yery various, it not being €S- tow do we 
tial that the power should apply power 


sen : The in the wheel 
be applied Dyas YORE: and axle? 


; imes placed in a | 
“a Be. positon, and the power 
a by means of levers, or bars, in- 
oe into holes in one end of the axle. 
A capstan of a ship, Fig. 61, is an example 


a of this. 


In the windlass, a handle, or winch, is substituted in the ee of a 
1. In this case the advantage gained is equal to eee num oe 

a hat the length of handle is greater than the radius of the axle. 
ne f i handle is twenty inches and the radius of the axle is two 
ee Fc the advantage would be ten; and a power of fifty pounds 
ae at the handle would just raise a weight of ten times fifty, or 
ap 
five fren is required, wheels and axles may be combined 

Ee . a ides similar to that of the compound lever already 
Sed d (§ 178). By such a combination we gain the advantage of 
 ; very fe, wheel with a small axle, without their incon- 
usil 


yeniences. eae i 
189. The most frequent method of transmitting Mo- yy) 43, 
tion through a combination of wheels is by the con- the most 


see gle o that, frequent 
struction of teeth upon their circumference, Ss Ne eet odiek 


the teeth of each wheel falling between those of the transmit- 
other, the one necessarily pushes forward the other. ting motion 
b] 


: nce of a through a 
When teeth are thus affixed to the circumfere ee ae 


wheel, they are termed cogs; upon an axle, they are + wheels? 
termed /eaves, while the axle itself is called a pznzon. 
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. 4 _ ee : : in 
Fig. 62 represents a combination of wheels and axles for the trans. q | j the one from which it receives its motion, the At is attached as 
mission of power. If the teeth on the axle of the wheel ¢ act on six a Fig. BS ebuteaphea . e 
times the number of teeth on the circumference of the second wheel, 9 . | Y volve in a contrary ae 
the second will turn only once for every six turns of the first. In the = «CO the band is crossed, as in Fig. 
same manner the second wheel, by turning six times, turns the third q g Ne Cae 1 reThis 
wheel once: consequently, if the proportion between the wheels and -_ = Fic. 63- mn ones Make a Pia 
their axles be preserved in all three, the third turns once, the second _ @ : communicated by means 
six times, and the first thirty-six times. Now, as the wheel and axle ‘ weight applied to the circumference. btained by the action of water 
act in all respects like a simple lever, and a combination of wheels and —. In most water-wheels, power 1s 0 = aS hj : caiised-tolrevolve: 
axles as a combination of levers, there is no difficulty in understanding - _ applied to the circumference of the wheel, u ta Wier cr ty en 
how a mechanical] advantage q | either through the weight or pressure © ’ 
is gained by this contrivance, - j q gnjointly. . 
The power is to the weight : £8. The Pulley is a small wheel fixed in a block, 


as the product of the radi; : 7 ord ti | 
of all ne pai RE a | and turning on an axis by means Oieae What isa 


g q ; e pulley ? 
‘product of the radii of all q which runs 1n-a groove formed on the edg 


the wheels. Thus, if the 4 ’ of the wheel. 
radii of all the axles be q This simple machine is represented in Fig. 65. 


expressed by the numbers kinds, — fixed How many 
2, 3, and 4, and the radij 192. Pulleys are of two ; kinds of pul- 


of the wheels c, £ and & be expressed by the numbers 20, 25, and E -. and movable. os 
30, then power will be to the weight as 2 X 3 X 4,= 24, is to - = By qa fixed pulley we mean one 

20 X 25 X 30, = 15,000; ora power of 24 at the first wheel will bal- q 3 193- its axis, but does What isa 
ance 15,000 at the axle of the last wheel. 4 a that merely revolves on its ‘ 


& F 3 fixed pulley ? 
190. One of the most familiar instances of combined wheel-work js . not change its place. 


*7 @ ° i F oe ‘ e S 
What are exhibited in clocks and watches. One turn of the axle a Fig. 65 is an illustration of a fixed pulley. A small wheel turn 
familiarillus- On which the watch-key is fixed is rendered equivalent, 4 . 


; ; upon its axis, around which a cord Detibe the 
eres by a train of wheel-work, to about four hundred turns, passes, having at one end the working and 


a eee ees beats, of the balance-wheel; and thus the exertion, a q power P, and at the other the re- advan tene of 

| during a few seconds, of the hand which winds up, gives s sistance or weight W. It is evi- ae 

motion for twenty-four or thirty hours. By increasing the number of _ = dent, that, by pulling’ the cord at 

wheels, timepieces are made which go for a year, or a greater length  . P is weight W must ascend as much and as 

of ane | ; = fast as the cord is drawn down. As, there- 
Wheels may be connected, and motion communicated from one to _ @ fore, the power and the weight move with the 

the other, by bands, or belts, as well as by teeth. This principle is _ @ Pe velocity, it is clear that they balance a 

seen in the spinning-wheel and common turning-lathe. A spinning- 5 another, and that no mechanical advantage 1s 

wheel, as @ ¢, Fig. 63, of thirty inches in circumference, turns by its | a gained. 

band a smaller wheel, or spindle, 4, of half an inch, sixty times for | a In all the applications of power, there are 

Cigar Nomen of a ¢- o| 2 always some directions in which it may be ex- 
When the wheel is intended to revolve in the same direction with » @ erted to greater advantage and convenience than others; and in 
























































































































































































































































































































































































































































































































































































































































































































































































































































104 NATURAL PHILOSOPHY. 


many cases the power is capable of acting in only one particulary 


direction. Any arrangement of machinery, therefore, which w 
enable us to render power more available, by applying it in the Most 


il] 


advantageous direction, is as convenient and valuable as one which 


enables a small power to balance or 
Overcome a great weight. Thus, j¢ 
we wish to apply the Strength of a 
horse to lift a -heavy weight to the 
top of a building, we should find it a 
difficult matter to accomplish directly, 
since the horse exerts his strength 
mainly, and to the best advantage, in 
drawing horizontally; but by changing 
the direction of the power of the horse, 
by an arrangement of fixed pulleys, 
as 1s represented in Fig. 66, the weight 
is lifted most readily, and the horse 


exerts his power to the best advantage. 
194. A fixed pulley is most useful for changing the direction of 


What are power, and for applying power advantageously. By it a 
familiar man standing on the ground can raise a weight: to the 
applications top of a building. A curtain, a 


of fixed 
pulleys ? 


flag, or a sail can be readily raised 


to an elevation by a fixed pulley, 
without ascending with it, by drawing down a 


cord running over the pulley. 


195. A Movable Pulley differs from 


wie. 2 xed pulley in being at- 
movable pul- tached to the weight : it 


ley ? 


with the weight. 


therefore rises and falls 


Fig. 67 represents a movable pulley. In this 
case a weight of twelve pounds can be raised 
by a power of six pounds applied at P, be- 
cause one-half the weight is supported at the point F. But the 


cord at P must move throu 
foot. 


gh two feet to raise the weight W one 


When still greater power is required, pulleys are compounded into 


‘te 
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containing two or more single pulleys, called Blocks ; and 
F Pain are combined in a compound sys- gaze 
fixed and movable pulleys. 
F e With the system of pulleys represented 
a 68 the power applied at P will sustain 
, ae its own weight. In this we have six 
2 Be cnc employed in sustaining the power 
a a others sustaining the weight. 
In all these arrangements of pulleys, 
BP dcicase of power has been 
ained at the expense of time ; 








How is pow- 
er gained at 

d-the space passed over by the the expense 
and ° 


ower must be double the space a oe MY a 
assed over by the weight, multi- pulleys? 
plied by the number of pulleys. 
‘s in the case of the single pulley, the 

oS power must pass 
over two feet to 
raise the weight 
one foot; and with 
three movable pul- 
leys, as in Fig. 68, 
the power must fall 
six feet to raise the 
weight one foot. 

Instead of fold- 
ing the string on 
the pulleys entire, 
it is sometimes 
doubled into sep- 
arate portions, each 
pulley hanging by 
a, sepatate. cord, 
one end of which is attached to a fixed 
support. Here a very great mechanical 
advantage is gained, attended, however, 
with a corresponding loss of.time. Jn an arrangement of sucha es 
acter, represented in Fig. 69, the weight g is supported by the ee be : 
of the cord passing round the movable pulley 4 ad ; and, as eac i : . 
parts is equally stretched, the fixed support will sustain one-ha e 










































































































































































































































































































































































































































































































































































109 NATURAL PHILOSOPHY. 


weight, and the next pulley in order above 4 d, namely e /, may be con. 
sidered as sustaining the other half. But the two parts of. the strin 

which support the pulley ef, again divide the weight; so that the pul. 
ley g 4, which is attached to one of them, only sustains one-quarter of 
_ the first weight, g. The string which passes around ¢ 2 again divides 
this weight, so that each part of it sustains only one-eighth of 7. The 
fixed pulley serves merely to change the direction of the motion. In 
this system, therefore, a power of one will balance a weight of eight, 


198. In general, the advantage gained by pulleys 


How aay is found by multiplying the number of. 


poacvans movable pulleys by two, or by multiplying 


by pulleysbe the power by the number of folds in the 
ascertained? rope which sustains the weight, where one 
rope runs through the whole. 


Thus a weight of seventy-two pounds may be balanced by four 
movable pulleys by a weight or power of nine pounds; with two 
pulleys, by a power of eighteen pounds; with one movable pulley, by 
a power of thirty-six pounds. 

These rules apply only to movable pulleys in the same block, when 
the parts of the rope which sustain the weight are parallel: to each. 
The mechanical advantage which the pulley appears to possess in 
theory is considerably diminished in practice, owing to the stiffness: of 
the ropes, and the friction of the ropes and wheels. From these causes 
it is estimated that two-thirds of the power is lost. When the parts 
of the cord are not parallel, the strength of the pulley is very greatly 
diminished. . 

199. Fixed and movable pulleys are arranged in a great variety of 
ae forms, but the principle upon which all are constructed 
NOLES aa is the same. What is called a “tackle and fall,” or 
derricks, “block and tackle,” is nothing but a pulley. Cranes 
eats and _and derricks are pieces of mechanism usually consisting 

: of combinations of toothed wheels and pulleys, by means 
of which materials are lifted to different elevations, — as goods from 
vessels to the wharves, building-materials from the ground to the 
stage where the builders are engaged, and for similar purposes. One 
of the most simple forms of movable cranes is represented in Fig. 70. 
It consists of a strong triangular ladder, at the top of which is a fixed 
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P over which the rope attached to the object to be elevated 
ulley, a ‘s carried down to the cylindrical axle, T, upon which it 1s 
: means of bars inserted 
-, holes, OF by a crank. This 
Bidet is inclined more or less 
= the upright poswuen by 
means of a rope, C D, which 1S 
attached to some fixed point at a 


passess 
wound by 


distance. 


200. The Inclined Plane 


1 What is an 
consists of . inclined 


hard plane plane? 
surface, 10 clined at an 


angle. 


In Fig. 71, R S T represents 
an inclined plane. . 
201. If we attempt, for - in- 
stance, to rais€ @ yystrate the 
f an in- 
cask or any other use © : 
heavy body into a clined plane. i ; ( | 
wagon, we may find that our Sa 
strength is unequal to lifting it ai 
. e pe 
directly, while to haul it up by : 
pulleys would be very inconven- Ins 
jent, if not impossible. We may, me 3s, 
however, accomplish our object fe 
with comparative ease by rolling the cask up an inclined plank, and 
exerting our force in a direction parallel to the inclined surface of 
the plank. oe 
The plank, in this instance, forms an inclined plane; and we gain 
a mechanical advantage, because it supports a part of es 
the weight. derive a me- 
If we place a body upon a horizontal plane or sur- coal a 
j j i ] vantage from 
face, it is evident that the surface will support its oe ua se 
weight; if we incline the surface. a little, it will support ane? 
less of the weight; and, as we elevate it more, 1t will 
continue to support less and less, until the surface becomes perpen- 
dicular, in which case no support will be afforded. 


' 


i | m sf 


s 


| 
! 

































































































































































































































































































































































































































































































































































108 NATURAL PHILOSOPHY. 


202. The advantage gained by the use of the inclined plane may be 


estimated by the following rule :— 


The power is to the weight as the perpendicular 


How canwe Height of the plane is to its length, 


estimate the 


aavantane From this it will appear, that the less the height of 
gained bythe the inclined plane, and the greater its length, the greater 


use of the in- 


einted Sige will be the mechanical advantage. Thus, in Fig. 71, if 
the plane R S be twice as long as the height S T, one 
pound at P, acting over the pulley, would balance two pounds any- 


‘ 


Fic. 71. 


where between R and S. If the plane R S were three times the 
length of S T, then one pound at P would balance three pounds any- 


where on the plane R S; and so of all other quantities and propor- 
tions. 


203 Roads which are not level may be considered as inclined 

H planes, and the inclination of a road is estimated by the 
ow do we ; P 

estimate the height which corresponds to some proposed length. 
inclination § Thus we say a road rises one foot in twenty, or one in 
ofteeds? fifty ; meaning, that, if twenty or fifty feet of the road be 
taken as the length of an inclined plane, the corresponding height of 
such a plane would be one foot, and the difference of level between 
the two extremities of such a length of road would be one foot. 
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According to this method of estimating the inclination of roads, 
required to sustain or draw up a load, fric- pow ought 
aa sidered, is always proportioned to the rate poate sora 
nn. On bevel road, the carriage moves when isis j 
of a... erts a strength sufficient to overcome the friction and 
S filie atmosphere ; but in going up a hill, where the road 
ae ot in twenty, the horse, beside these impediments, 1s 
piece a ue an extra force in the proportion of one to twenty, 
pee i ae he is obliged to lift one-twentieth of the load. 
oh i” ae e bad policy ever to construct a road directly over the 
oe a : hill when it can be avoided; because, in addition to 
oo e ee to overcome the friction in drawing a heavy 
aaa Bocce cine we must add additional force to overcome 
et a ae acts parallel with the inclined plane of the road, 
i ees ee tuy to make the load roll back to the bottom of 
oe The force increases most rapidly with the steepness, 
E, catty requires an immense event of lise ie 
” oad gently winding roun ) 
oe Dose La eit eaihe oe elevation in much less 
wl 
ec common stairs are. inclined planes, the steps being merely for 
ini t-hold. 

: on an ce es eed all other simple machines, a gain 
i ae f attended with a corresponding loss of time. How is pew. 
in a in ascending an inclined plane, has a greater & Gee As 
ES Z pass over than if it should rise pe of time in : 
The time, therefore, of its ascent will be greater; i the incline 
will thus oppose less resistance, and consequently 


quire less power. 


205. The Wedge is a movable in- 
clined plane. It is also Suianiaea 
defined to be two inclined wedge ® 
planes united at their bases, as 
A B, Fig. 72. 


In the inclined plane, the weight moves up- 
on the plane, which remains stationary; but, in a 
the wedge, the plane ‘tself is moved under the weight. 






























































































































































































































































































































































































































































































































































































































































ITO NATURAL PHILOSOPHY; 


206. The cases in which wedges are most generally used in the ql 


TAlate arts are those in which an intense force is required to 
eee be exerted through a very small space. It is therefor, 
wedges used used for splitting masses of wood or stoné, for blocking 
in the arts? up buildings, raising vessels in docks, and Pressing oyt 
the oil from seeds. In this last instance the seeds are placed in bags, 
between two surfaces of hard wood, which are pressed together by 
wedges. : 


Boon ioat 207. The usefulness of the wedge de. 
does the pends on friction; for, if there were no 
influence of ees 
the wedge friction, the wedge would fly back after 
“spend? each stroke of the driving force. 

208. The power of the wedge increases as the 
How does length of its back, compared with that of 


the power of : : ° Se eee ‘ 
thewedge Its sides, is diminished. Hence it follows 


increase? = that the power of the wedge is in propor. 


tion to its sharpness. 


The power commonly used in the case of ‘the wedge is not pressure, 
but percussion. Its edge being inserted into a fissure, the wedge is 
driven in by blows upon its back. The tremor produced when the 


wedge is struck with a violent blow Causes it to insinuate itself much > 


more rapidly than it otherwise would. 
209. The edges of all cutting and piercing instruments, such as 
What are fa- knives, razors, chisels, nails, pins, &c., are wedges. The 
miliar exam- angle of the wedge in all these cases is more or less 
ples of the acute, according to the purpose to which it is applied. 
use or appli- @hiscias ded dak Phetioad 
cation of the seis intended to cut Wao ave their edges at an 
wedgein the angle of about 30°; for cutting iron, from 50° to 60°; 
arts ? and, for brass, about 80° to 90°. In general, tools which 
are urged by pressure admit of being sharper than those which are 
driven by percussion. The softer or more yielding the substance to 
be divided is, the more acute the wedge may be constructed. 


What is the 210, The Serew is an inclined plane 
ast winding round a cylinder, 


This may be illustrated by cutting a strip of paper in such a way as 


IIt 
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inding 1 linder. 
ent an inclined plane, and then winding it round a cy ; 
4 lead-pencil, as is represented in Fig. 73: 


to repr 


1, The edge of the inclined plane winding about 
211. 


the cylinder, or the What is the 


; 1 line thread of a 
coil of the spiral screw ? 


it describes 
Se nc oie constitutes 
F Thread of the screw ; and. 
the distance between the oe 
cessive coils is called the ais- 


tance between the threads. 


yy 
i 1 
mT | 


( jis: # x eae eA 
Hl po AL = 


2 


i 
Hi 


HM) 


NTA. 


a 


§ 


mitted by means of what is called the Mut. 2 
: on 
512. The Mut of a screw is a block, with a cyli 


i ; i €-cut : 3 
drical cavity, having a spiral groov : What is on 
i ity, COYr- nuto 
round upon the surface of this cavity, wut gE 


responding with the thread of tne sciaw. 
A section of the nut is shown in Fig. 75. 


e the thread of the screw will move by causing the 


: : ats 
Fach turn of the screw in the nut will cause ae 
distance just equal to the interval between 


In this groov 
screw to rotate. 
advance or recede a 


threads. 






























































































































































































































































































































































































































































































































































































































































112 NATURAL PHILOSOPHY. 


Is the screw, Generally the nut is stationary, and the screw Moya, 
or the nut, ble; but the nut may be movable, and the SCTEW sta. 
movable ? tionary. 
213. Power is commonly applied to the screw by means of a leve 
How is pow- ¢ither attached to the nut or to the head of the Screw, 
er applied to as seen in Fig. 76. By varying the length of this, the 
phewecrew 2 power may be indefinitely increased at the Point of 
resistance. The screw, therefore, acts with the combined Power of 

the lever and the inclined plane. 
Thus, in Fig. 76, N is the lever, B the nut, A the screw, and E the 
block upon which the substance to be pressed is placed. As in all] the 
other simple machines, the ad. 
vantage in this is estimated by 
the relative distances Passed 

| 


tr, 


over by the power and _ the 
weight. If the distance of the 
spiral threads of the screw is 
one inch, and the handle of the 
screw, that is, the lever, is two 
feet in length, then the extrem- 
ity of the lever will describe a 
circle of over twelve feet in 
turning once round,-but the 
screw will only advance one 
inch. The ratio between the 


eS 


feet, or as I to 144. Conse- 
i 2 : ’ 
Fic. 76. quently, if a man is capable of 


exerting a force of sixty pounds 
at the end of the lever, the screw will advance with a force of 8,640 


pounds. If the distance of the threads had been one-half an inch, 
the power exerted by the screw would have been doubled. In this 


illustration friction has not been taken into account: this will diminish 
the total effect nearly one-fourth. 


——= 


PUTT TT 


i 
} 
| 


214. The advantage by the screw is in proportion 
Howisthe 4S the circumference of the circle described 
d e - 
Pincditeane OY the power (that is, by the handle of the 
screw esti- lever) exceeds the distance between the 
mated ? 
threads of the screw. 


Ay 
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the enormous mechanical force exerted By ie on e 
a. ‘dent. There is no limit to the smallness O 

ee ae threads, except the strength it is necessary to 

- there is no limit to the magnitude of the circumfer- 

f ibed by the power, except the necessary facility for 


yen 
tance betw 
ence to be geset 
moving it. 


215: h 


h small spaces: hence its application in What are 
exerted ee kinds, for extracting the juices of seeds Se 
i. 5 compressing cotton, hay, &c., as also for sine scene 
7a ru) s 
Foining and ae a screw increases with the fineness of tne 
ce ica limit is soon attained, for, if the thread be 
ee, Bee a at become weak, and be liable to be torn off. 
made O 9 


: the What pro- 
217. The most serious obstacle to ene 


rfection of machinery is friction ; and 1tseswerin 
e 


. hinery 
k = ird ote 
d to destroy one-th ioe 
is usually considere y friction ? 


ower of a machine. a | 
q ; : : F riction is of two kinds: sliding and rolling. 


ae dines 
Sliding friction is produced by the sliding How ms 


oO drag ging of one surface over heen friction ae 
: fon 1 there 
lin friction 1S caused b the rolling O 

D y 


J 
x cular body upon the surface of another. 


ac d as th 
: - as the - 
Friction increases as the weight or pressure ee an 
ri ; : ; sO 
shness of the surfaces Increases. With surface Bes Ses 
rougnn ‘al. friction is nearly proportional tothe ¢suion 
he same material, friction 1s nearly : d : ya 
A re. The extent of the surfaces in contact doeS increa 
pressure. ye : 
riction. 
t affect the degree o ; nae s, and as 
% Friction diminishes as the weight or IS asekusc ES 
lish or smoothness of the moving surfaces is Se a ea ae 
ou iol caters ‘no to the frictio 
Perec It may also be diminished by aes ees diminish ? 
surfaces some unguent, or greasy aes ee ee 
ry this ) 
black lead, &c., are commonly used & a Sending the rca 
ction by filling up the minute cavities," and SI 5 


the 


fri 


i en when 
* All bodies, however much they may be polished, appear rough and unev 


examined with a microscope. 



































































































































































































































































































































































































































































































































































































































































































































114 NATURAL PHILOSOPHY, 


larities that exist upon the surface. Oils are the best adapted for 
diminishing the friction of metals, and tallow the friction of Wood. 
219. Friction, although an obstacle in the working of machiner 
What arethe generally,’ is not without some advantages. Without 
advantages = friction the stones and bricks used in building would 
of friction? tend to fall apart from one another. When nails and. 
screws are driven into bodies, with a view of holding them together, jt 
is friction alone that maintains them in their places. The Strength of 


cordage depends on the friction of the short fibers of the cotton, flax, 
or hemp, of which it js composed, which prevents them from untwist. . 


ing. In walking, we are dependent on friction for our foothold upon 
the ground: the difficulty of walking upon smooth ice Wlustrates this 
most clearly. Without friction we could not hold any body in the 
hand: the difficulty of holding a lump of ice is an example of this, 
Without friction the locomotive could not Propel its load; for, if the 
tire of the driving-wheel and the rail were both perfectly smooth, one 
would slip upon the other without affording the requisite adhesion. 
How does 220. Experiments seem to show that the friction of 
friction two surfaces of the same substance is generally greater 
poeecee : Re than the friction of two unlike substances. The friction 
different of polished steel against polished steel is greater than 
substances _ that of polished stee] upon copper, or on brass. So of 
compare? wood and various other metals. , 

221. All machines, however complicated, are made up of combina- 
tions of the six simple machines. If we examine the construction of 
any Complex machine, as a steam-engine, a loom, a spinning-machine, 
or a timepiece, we shall find that they are composed of simple levers, 
wheels and axles, screws, &c., connected together in an endless variety 
of forms, to form a complete whole. | 

In the practical application of machinery, it rarely or never happens 
Isthe moy. that the moving force is capable of producing directly 
ing forcein the particular kind of motion required by the machine to 
machinery perform the work to which it is adapted. Expedients 
ego must therefore be resorted to, by means of which the 

motions which the moving power is capable of exerting 

directly can be converted into those which are necessary for the pur- 
poses to which the machine is applied. 


How many 222. The varieties of motion which oc- 
kinds of mo- 


tion arecon- Cur in machinery are divided into two 
Sidered in 


machinery? Classes, viz., Rotary and Rectilineap Motion. 


round 
circle, O 
pain’ ae What is 


II 
APPLICATION OF FORCE, 5 


oo ten’ , 
rN A 
4% oF 


Z ve 
wy, 3, In rotary motion, the several parts revol 
Bee 1 j lete What is 
an axis, each performing a comp ees 
r similar parts of a circle, in the motion? 


24. In rectilinear motion, the several “a 
: tne 
a of a moving body proceed in parallel motion 
ar 


traight lines with the same speed. 
s 


ples of rotary motion are seen in all kinds of wheel-work ; 
Exam 


a d 


-engine, the motion of a straight saw. 
j of a steam-engine, hae? 
a rotary and rectilinear motion, if the parts per constantly 
: i ion i ntinued ro- 
he same direction, the motion Is called co ee 
t r continued rectilinear motion. If the parts m Garceating 
i. ae backward and forward in opposite directions, motion? 
m 
“= over the same spaces from end to end con 
a ion 1 i tion. 
lled reciprocating mo 
; ly, the motion is ca fae 
oe. The method by which a power having one of these mot 
oo ifferent 
ay be made to communicate the same or a differ eae 
a : of motion involves a lengthy description of a grea ryan 
kin 


<4 ] mon iprocatin 
ariety of machinery ; but the most simple ae com : feciPie anne 
M . ion i ilinear, an ; 
plan of converting rotary motion into rect ? verted into 


ectilinear motion back again into rotary, is by means MRE Topics 
r 
of what is called a crazk. 


226. The Crank is a double winch, or handle, and 


is formed by bending What is 
k 

an axle so as toform ‘4 

four right angles, facing in oppo- 

site directions. 


It is represented complete in Fig. 77: At- 
tached to the middle of C D, by a joint, G, ‘Fic. 77. 


; i s of impart- 
is) a rod, H which is the mean : 
: cap ke t rank. This rod is driven by an alternate motion, 
m ower to the cra 


eee 
like the brake of a pump. The bar C D is turned with a circula 


motion round the axle A F.* 


1 ar or, and Ss 7 in > fe 3 
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116 NATURAL PHILOSOPHY. 


The disadvantage attending the use of the crank is, that } ig 


What disag. M§capable of transmitting a Con. 


No. z. vantages at- Stant force to the resistance, 
fend the'use -Phis-is illustrated ine Bie 8 
of the crank? In No. 1, where the arm. of 
the crank is horizontal, the power from the 
rod acts with the greatest advantage, as at the 
extremity of a lever. But when the rod which 


communicates motion stands perpendiculay 


with the arm of the crank, as in No. 2, which 
is the case twice during every revolution, the 
power, however great, can exert no: effect 
upon the resistance, the whole force being 
expended in producing pressure upon the axle 
and pivots of the crank. Such a situation of 
the rod and the arm of the crank is Called 
the dead point ; and when the machinery stops, 
as is often the case, it is said to be “ set,” 
or “caught on its center.” The difficulty jg 
generally overcome by the employment of a 
fly-wheel (§ 20), which, by its inertia, keeps up the motion. 


Practical Problems in Mechanics. 


x. What must be the horse-power of a locomotive-engine which moves at the con- 
stant speed of 25 miles per hour, on a level track, the weight of the train being go 
tons, and the resistance from friction being equal to 480 pounds ? 

2. If a lever 12 feet long have its fulcrum 4 feet from the weight at one end, and 
this weight be 12 pounds, what power at the other end will balance ? 

3. In a lever of the first class, a power of 20 at one end balances a weight of 100 
at the other: what is the comparative length of the two arms ? 

4. Ina lever of the first class, 6 feet in length, the power is 75, and the weight 150 
pounds: where must the fulcrum be placed in order that the two may balance ? 

5. Two persons carry a weight of 200 pounds suspended from a pole 10 feet long ; 
one of them, being weak, can carry only 75 pounds, leaving the rest of the load to be 
carried by the other : how far from the end of the pole must the weight be suspended ? 

6. A lever of the second class is 21 feet long: at what distance from the fulcrum 
must a weight of 80 pounds be placed in order that it may be sustained by a power of 
60 pounds ? 

7- Ina lever of the third class, 8 feet long, what power will be required to balance 
a weight of 100 pounds, the power being applied at a distance of 2 feet from the 
fulcrum ? 

8. A power of 5 pounds is required to lift a weight of 20 by means of the wheel 
and axle; what must be the proportionate radii of the wheel and axle ? 


APPLICATION OF FORCE. Tel; 


o acts on a wheel 8 feet in radius : what weight suspended from 


dan axle to inches in radius will balance this power ? : d 
¢ cog-wheels the radii of wheel and axle are, first, 7 AS ar GO 

pee oe d : : a power of 25 being applied at the circumference of the first 

; third, 9 an an mS sustained at the axle of the third ? 

Bee 1a power of 3 sustain with a system of 4 movable pulleys, 


A power of © 
ae ding roun 


: one cord pas ds applied to a set of 2 movable pulleys, what 


12- Supp - 9 
Lit sustain: 


q weight wil |, ig able to draw a weight of 200 pounds up a perpendicular wall ro 
ama 


13. if 
t high, how ™ 
a of the wall to the gr 
Solution. — In this 
the required weight. — 
14. If a man has jus 
dicularly into a wagon 3 feet 
Jong, with one end restin pudity ores 
The length of a plane is 12 feet, the height 1s 4 feet: 
15: | ee 
to the weight to be raised ? . 
gr Ere distance Peevecn the threads of a screw being half an inch, and the es 
i i e described by the power 10 feet, what proportion will exist between the 
cum erenc Bae 
eight ? 
Bc. oe ad The power will be to the weight as half an inch, the distance between 
a | ig to 10 feet (240 half-inches), the circumference described by the power, 
the threads, 
.. a ower of 20 pounds acting at the end of a lever attached to a screw describes 
ez; ae inches : what resistance will the power overcome, the distance between 


f the screw being 2 inches ? 


uch will he be able to draw up a plank 40 feet long, sloping from the 
ound, no allowance being made for friction ? 
the height (x0) is to the length (40) as the weight (200) is to 


t strength enough to lift a cask weighing 196 pounds, perpen- 
high, what weight could he raise by means of a plank 10 


g upon the wagon, and the other on the ground ? 
what is the proportion 


a circle 0 
the threads 0 

























































































































































































































































































































































































































































































































































































































































































































































































CHAPTER VII. 


HYDROSTATICS. 


227. Hydrostatics is that department of physica] 


i ich - 3 i | 
Whatisthe SCl@nce which -treats of the weight, pres. 


science ofhy- Sure, and equilibrium of water* and Other 
drostatics ? : : 
liquids at rest. 


Aaa: 228. Liquids have but a slight degree ; 


compressible of compressibility and elasticity, as com- 
and elastic ? 


pared with other bodies, 


229. The elasticity of water may be shown in various ways. When 


a flat stone is thrown So as to strike the surf 
What are ; 
illustrations water nearly horizontally, 


of theelasti- bounds with considerable f 
Be cowetery ie daened against a hard 
by flying off in drops in angular directions. 
of the elasticity of water is observed when 


ace of 
or at a slight angle, it re. 
orce and frequency. Water 
Surface shows its elasticity 
Another familiar example 
we attempt to separate a 


* Water is a fluid composed of ox 
of oxygen to one of hydrogen, 
tuting three-fourths of the wei 
three-fifths of the earth’ 


ygen and hydrogen, in the proportion of eight parts 
It is one of the most abundant of all substances, consti- 
ght of living animals and plants, 

S surface, in the form of oceans, seas, lakes 
In the northern hemisphere the proportion of land to water i 
while in the southern hemisphere it is as 129 tO 1,000, 

ocean has never been ascertained. Soundings were obtai 
1853, between Rio Janeiro and the Cape of Good Hope, t 
about nine miles. Other soundings, made during the re 
the Gulf Stream, extended to the depth of 34, 
average depth of the ocean has been estimated 


Notwithstanding this apparent immensity of the ocean, yet, compared with the 
whole bulk of the earth, it is a mere film upon its surface ; and, 


sented on an ordinary globe, it would hardly exceed the coa 
there by the manufacturer. 


The source of all our terrestrial waters is the ocean. 


By the action of evaporation 
upon its surface, a portion of its water is constantly rising into the atmosphere in the 
118 


and covering about 
, and rivers. 

S as 419 tO 1,000; 
The maximum depth of the 
ned in the South Atlantic in 
o the depth of 48,000 feet, or 
cent United-States survey of 
200 feet without finding bottom. The 
at about 2,000 fathoms, 


if its depth were repre- 
ting of varnish placed 


I 
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ter attached to some surface for which it has a arene 

grov ot a he drop will elongate, or allow itself to be drawn us 2 
attract! a ble degree, before the cohesion of its constituent ee 
on Sas oa ee if the separating force is at any time relaxe 
js wholly oy ane elasticity of the water will restore the drop to 
ee foe inal form and position. Mercury. is much more 
yy ce ter ad rebounds from a reflecting surface with con- 
elastic than oa and violence. The exercise of both the elastic and 
cor aaa iple is, however, so extremely limited in liquids, 
ioe PE escal irae this form of matter is regarded as 


all prac ; icity and 
lm 2 ; a uncompressible; or, in other words, the elasticity 
jnelastic 


i ts. 
ibill r roduce no appreciable effec ea 
ompre sibility of water pro ee 
; < mpressibility of water is not so easily demonstrated as 1 
The compress y y 


ticity, although the elasticity is a direct consequent 4, what 
elastcitys 


mpressibility. An experiment of Mr. nab extent has 
e co 

of | that water, under a pressure of fifteen thousan 
Bf cs to the square inch, was reduced in bulk one par 
poun 


water been 
compressed ? 


° -four. all 
2 ea liquid bodies, as has been already shown (§ BO); thesatlas 
230. 


sei , rticles 
‘ve and repulsive forces existing between the pa reer een 
tive early balanced, that the particles move upon - a. Go the 
so 0 eh ee : : 
, other with the greatest facility. The particles particles o 
eac 


liquids move 

hich make up a collection of fine sand, or dust, also Shon each 
Bees upon each other with great facility; but the parti- other ? 
move 


ies of a liquid possess this additional quality, viz., that 
c 


: i fog, &c. These 
{ vapor, which again descends in the form of rain, SON ae Re 
form o tee. to form springs and rivers, which all at last discharg vag aes 
waters i from which they originally came, thus forming a constant rou eee 
r : : e 
Ehe ee All the rivers run into the sea, yet the sea 1s not full, a ee ee 
aa evaporated from the sea exactly equals the quantity pete cat aa ae ee 
r y s 
gf a Jn nature, water is never found perfectly pure: es Be : hich rises in 
rivers. in ? 2 ayy lis tof the air; that whi 
: urifies 1€ wasnes ou . i 
in is contaminated by the imp KG hich contains less 
vets a by the substances it meets with in the earth. Any een caiknanely 
Bee cg s rains of solid mineral matter in a gallon is consi oe - oe So. 
i : : natural waters are known so pure that they contain only o Rain 
. Some : very rare. = 
a 3 rain of mineral matter to the gallon, but such eee tae falls in 
ie t be considered as the purest natural water, especially tha 
water mus al 
districts remote from towns or habitations. : h aseous substances. Fishes 
Ail natural waters contain air, and sometimes other a ae RE oe 
i he air which water co 
; e dependent upon t ; : ud 
d other marine animals ar : : er that it sparkles 
a piration and existence. It is owing to the presence of air in wat 
respirc 
and bubbles. 
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I20 NATURAL PHILOSOPHY. 


of moving upon themselves without friction. The particles of ng 
Solid substance, however fine they may be rendered, POSSESS this 
‘property. 


231. From this is derived a great fundamental principle lying a 


the basis of all the mechanical phenomena connected with ]j 
bodies : viz., — 


quid 


232. Liquids transmit pressure equally in all direc. 
What great tions. | 
law consti- This remarkable property constitutes a very charac. 
sis of allthe teristic distinction between solids and liquids; 
mechanical 
phenomena 
ef liquids? 


Since 
solids transmit pressure only in one direction, — viz., in 


the line of the direction of the force acting upon them, 
—while liquids press equally in all directions, upward, 
downward, and sideways. 

In order to obtain a clear understanding of the principle of the 
Taseseeune equality of pressure in lig. 
equality of uids, let us suppose a vessel, 
pressurein Fig. 79, of any form, in the 
liquids. : 

sides of which are severa] 
tubular openings, A B C D E, each closed 
by a movable piston. If, now, we exert 





ward pressure of twenty pounds, this pres- 
sure will be communicated to the water, 
which will transmit it equally to the inter. 
nal face of all the other pistons, each of 
which will be forced outward with a pres- 


sure equal to twenty pounds, provided their surfaces in contact with 
the water are each 


equal to that of the J 
first piston. But the f 
Same pressure exert- 





upon the top of the piston at A a down. . 






suppose 4 © 
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enty pounds upon ie, sau inch of the interior of the 
r raining the liquid. 
oa ee ey Aes Saastce by another experiment. 
oe ee Fig. 80, in which a piston 1s fitted, to terminate In 
si the alee of which are little tubular openings. If the 
a ae cylinder are filled with water, and the piston pressed 
- na ‘ a «ill jet out equally from all the orifices, and ae 
‘One hich is in a direct line with, and opposite to, the 
solely from the one whic 
es This property of transmitting pressure equally and freely in 
Be airection is one in virtue of which a liquid be- meoesemees 
a machine, and can be made to receive, dis- ner may a 
ee d l er. Thus, if water be confined liquid act as 
papute 2N0 OTP ye : : _ amachine? 
; 1, and a mechanical force exerted on any por 
ek, HE force will be at once transmitted throughout the entire 
ae me uid. The shape of the vessel containing the liquid does 
e aa ie ee transmission of pressures ; and a bent tube trans- 
Be inc power as well as a straight tube. . Be 
: he effects of the practical application of this principle are so 
Br chic that it has been called the hydrostatic para- what is the 
i the weight or force of one pound, applied hyetosteue 
: f an extended surface of some paradox! 
o produce a pressure of hundreds or even 


dox; sinc 
through the sae O 
‘quid, may be made t 
a. e pounds. Thus, in Fig. 81, A 
and:a are two cylinders containing water con- 
nected by a pipe, each fitted with a piston In 
such a way as to render the whole a close ves: 
sel. Suppose the area of the base of the pis- 
ton # to be one square inch, and the area of 
the base of the piston P to be one thousand 
square inches. Now, a Peaea eee es 

iston will be transmitte 
* eee piston; so that every portion of surface in the large 


\ 
N 
N 
N 
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piston will be pressed upward with the same force that an aoe por- 
tion of the surface in the small piston is pressed downward. oe 
sure, therefore, of one pound, acting on the base of the pe os : 
exert an outward pressure of one thousand pounds acting on : 7 : 
q of the piston P; so that a weight of one pound resting upon é e ae 
¥ p would support a weight of one thousand pounds resting upon 





ed on the pistons is _. 
equally exerted upon 
all parts of the sides 
of the vessel; and 
MA therefore a pressure 
, i | of twenty pounds up- 





































Fic. 80. 
en AAT on a square inch of the surface of the piston A will produce a pres: 









piston P. 
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The action of the forces here Supposed differs in nothin 


How do the 
forces acting 
in the hydro- 
Static para- 
dox compare 
with the 
forces acting 
on the arms 
of a lever? 


water which occupies 


NATURAL PHILOSOPHY, 


: : & fr 
that of like forces acting on a lever having unega a 


in the proportion of one to one thousand. A w 
one pound, acting on the longer arm of such 
would support or raise a weight of one thousand Pound 
acting on the shorter arm. The liquid Contained jin aa 
vessel, in the present case, acts as the lever, and the 
inner surface of the vessel containing it acts as ¢ 
crum. If the piston ¢ descends one inch, a qua 


Cight of 
a levey, 


he ful. 
ntity of 


sand times, the weight of one tho 


through one inch; but in accomp] 
acting on P would be moved SUCC 
The mechanical action, 


ance 1s expressed by one 


Whatisa 
hydraulic 
press ? 


ound 
ches, 
S ex. 


b] 


Press is a ma- 
manner that the 


advantages derived from the principle that 
liquids transmit Pressure equally in al] 


directions, may be practically applied, 


The principle of the construction and action of the hydraulic press 


is explained in the preceding paragraph (§$ 233), and Fig. 82 represents 
a section of its several] parts. 


Fig. 82 represents the hydraulic press as constructed for practical 
purposes. In a small cylinder A the piston of a forcing-pump p 


works by means of the handle M. The cylinder of the forcing- 


pump 


A connects, by means of a tube, K, leading from its base, with a large 


cylinder B. 


ch 
al . alms y atta 


12? 
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a eae ork Q. Between this plate and the top of 


ht framew 


tl 
ee rk the substance to be pressed 1s placed. To ace a 
sed in the forcing-pump A by al ne ae 
1 ressi 1e h ‘ 
oir beneath it, a; by depressing 
a cylinder A is forced through a valve H, and the 


the framework th 
yess, water 1s ral 
4 m a small reser 
ro 


water filling the sma 


ATCT 


uuu ene aU ANNA mi A 











Al 
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tt 


= 7 ANT 
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pipe K into the larger cylinder 


] it to exert its w 
iston, and causes it ee 
econ the iron plate and the top of the fram 


i i in dia 
the base of the piston pf 1s a ae were ae 
iston P one thousa 
of the base of the pis 


1 upwar 
ward pressure of one pound on will exert an uJ 


thousand pounds on P. 































































































B. where it acts to raise the larger 
? 


j d 
on the object confine 
eae ork. If the area of 


meter, and the area 
es, then a down- 
d pressure of one 











































































































































































































































































































































































































































































































































































































































































































124 NATURAL PHILOSOPHY. 


As thus constructed, the hydraulic press constitutes the most pow. 
erful mechanical engine with which we are acquainted, the limits to its 
power being bounded’ only by the strength of the machinery and mate. 
rial. By means of this press, cotton is pressed into bales, ships are 
raised from the water for repair, chain-cables are tested, &c. 


235. As liquids transmit pressure equally in al] 


Willliquids directions, it follows that any. given por. 
press upward 


aswellas . tion of a liquid contained in a vessel wil] 
downward? press upward upon the particles above it 


as powertully as it presses downward upon the parti- 
cles below it. 


This fact may be illustrated by means of the 
Howisthe apparatus represented in Fig. 83, 
upward If a plate of metal, B, be held against 
eDiicaide the bottom of a glass tube g, by 
shown by means of a string v, and immersed 
experiment? in a vessel of water, the water being 
up to the level z 2, the plate B will be sustained 
in its place by the upward pressure of the water. 
To show that this is the case, it is only neces- 
sary to pour water into the tube g, until it rises’ 
to the level 2 x, when the plate 
will immediately fall, the upward 
pressure below the plate B_ being 
neutralized by the downward pres- 
sure of the water in the tube ¢. 


cn 


i] 
I 


236. The pressure exerted by a column 
Towhatis ©! liquid is proportioned to, or 
the pressure ~ measured by, the height ef the 


of acolumn 


of liquidpro- Column, and not by its bulk or 


portional ? 


quantity. 





If we take a tube in the form of the letter U, with 
one of its branches much smaller than the other, as in 
Fig. 84, and pour water into one of the branches, we 
shall find that the liquid will stand at the same height in 


both tubes. The great mass of liquid contained in the large tube, A, 


HYDROSTATICS. 


ressure on the liquid contained in the small tube, 
D, than would a smaller mass contained 
in a tube of the same dimensions as D. 
And, if A contained ten thousand times 
the quantity of water that D contained, 
the’ water would rise to no greater eleva- 
tion in D than in A. 

The principle that the pressure exerted 
by a column of water is 88 yt one 
its height, and not as its principle and 
quantity, may be also illus- action of the 
trated by the hydrostatic pees 
bellows, Fig. 85. This con- 
sists of two boards, B C and D E, united 
together by means of cloth or leather, A, 
as in a com- 
mon _ bellows. 

A small verti- 
cal pipe, T, at- 
tached to the 
side, communicates with the interior of 
the bellows. Heavy weights, W W, are 
placed upon the top of the bellows when 
empty. If water be poured into the ver: 
tical pipe, the top of the bellows, with 
the weights upon it, will be lifted up by 
the pressure of the water beneath ; and, 
as the height of the column of water in- 
creases, so in like proportion may the 
weights upon the top of the bellows be 
increased. It is a matter of no conse- 
quence what may be the diameter of the 
vertical tube, since the power of the appa- 
ratus depends upon the height of the col- 
umn of water in the small tube, and the 2 
area of the board B C; ¢hat ts, the weight = 
of a@ small column of water in the Werle al === 
pipe, T, will be capable of supporting @ 
werght upon the board B C, greater than ae 
the weight of the water in the pipe, in the same proportion as ihe ar 


exerts no more P 
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{26 NATURAL PHILOSOPHY, 


of board BC its greater than the sectional area of the. bore of the 
pipe. Thus, if the area of the bore of the pipe be a quarter of a 
Square inch, and the area of the board forming the top of the bellows a 
Square foot, then the proportion of the pipe to the board will be 
that of 576 to 1; and, consequently, the weight capable of being sup- 
ported by the board will be 576 times the weight of the water Con. 
tained in the pipe. 

In this manner a strong cask, Fig. 86, filled with liquid, may be burst 
WEst are by a few ounces of water poured into a long tube, com. 
illustrative | Municating with the interior of the cask. 
examples of This law of pressure is sometimes exhibited ona 
oh ieaeeae great scale in nature, in the bursting of rocks or moun. 

tains. Suppose a long vertical fissure, as in F ig. 87, to 
communicate with an internal cavity formed in a mountain, without any 
outlet. Now, when the fis. 
sure and cavity become filled, 
an enormous pressure is ex. 
erted, sufficient, it may be, to 
crack or disrupture the whole 
mass of the mountain. 

The most striking effects 
of the pressure of the water 
at great depths are exhibited 
in the “ocean, Ifa Strong, 

















Square glass bottle, empty and ° 


Fic. 87. firmly corked, be sunk in wa- 


ter, its sides are generally - 


crushed in by the pressure before it has reached a depth of sixty feet. 


Divers plunge with impunity to certain depths, but there is a limit: 


beyond which they can not sustain the immense pressure on the body 
exerted by the water. Animal life has been found to exist at al} 
depths, and it is believed there is no limit of depth beyond which it 
can not be found. The principle of the equal transmission of press- 
ure by liquids enables fishes to sustain a very great pressure of water 
without being crushed by it; the fluids contained within them pressing 
outward with as great a force as the liquid which surrounds them 
presses inward. 

When a ship founders at sea, the great pressure at the bottom 
forces the water into the pores of the wood, and increases its weight 
to such an extent that no part can ever rise again, 


conta 
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Boj, Lhe pressure upon the bottom of a vessel 
ining a liquid is not affected by the roa, 
e€ of the vessel, but depends solely does the 


. pressure 
he area of the base, and its depth Woon «Be 


{ 
ee . bottom of a 
below the surface ; and the pressure at eeeleoke 
point upon the side of a vessel con- tainingliquid 
any 


; : ° depend ? 
taining a liquid will be in proportion to the 


shap 


perpendicular depth of that point below the surface. 


This arises from the law of equal distribution of pressure in liquids. 
Fig. 88 represents two differ- 


ent vessels having equal bases, 


and the same perpendicular 
depth of water in them. Al- 
though the quantity of water i 
contained in one 1s much 
greater than in the other, the : 
pressure sustained by these bases will be the same. . 
Hence, to find the pressure of water upon the bottom of any ves- 


sel, we have the following rule : — 


238. Multiply the weight of a cubic Howcan we 


calculate the 


foot of water by the number obtained by pressure 
n the bot- 
multiplying the area of the base by the (ea eee 


perpendicular depth of the water. sel contain- 


ing water ?. 
Thus, suppose the area of the base of a vessel to be 
two square feet, and the perpendicular depth of the 
water be three feet: required the pressure on the bottom of the vessel, 
the weight of a cubic foot of water being assumed to be one thousand 


ounces. 
1,000 02. X (2 X 3) == 6,000 oz. = pressure on the base of the vessel. 
9 . 


. 239. To find the pressure upon the side of a vessel 


containing water, multiply the weight of a sae TR 


he product obtained the side 
cubic foot of water by the p pen die! 


by multiplying the area of the side by one- ¢ Water be 
half its whole depth below the surface. calculated ? 
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128 NATURAL PHILOSOPHY. 


Suppose A C, Fig. 89, to represent the section of the side 
canal, or a vessel filled with water, and let the whole depth, A os 
ten feet: then at the middle point, B, the depth, A B, will be ace f 
N ow, the pressure at C is produced by a column of water whose pe 
is ten feet; but the pressure at B is produced by a column whose ne 
is five feet, which is the average between the pressure at the sunt 


Hence the total pressure upon the side of 
vessel containing water will be equal to ‘ia 
weight of a column of water whose base is equ ; 
to the area of that side, and whose heipheal 
equal to one-half the depth of the liquid in i 
vessel; or, in other words, to the depth of oo 
middle point of the side below the surface. 
As the pressure upon the sides of a reservoir containing water j 
why suonid creases with the depth, the walls of embankments, dant 
on acs canals, &c., are made broader or thicker at the bottgal 
eietrones than at the top (as in Fig. 89). For the same reason, ; 
er at the order to render a cistern equally strong throughout, mal 


bottom than 
tii conor hoops should be placed near the bottom than at the top, 


240. The actual pressure produced upon the bot- 
tom and sides of a vessel which contains 
the pressure 


Been 8 liquid is always greater than the weight ° 
quantity of — of the liquid. 


liquid com- 
pare with its 
weight? 


How does 


the bottom will be equal to the weig] iqui 

ght of the liquid, and 
the pressure on each of the four sides will be equal to one-half the 
weight; consequently the whole pressure on the bottom and sides will 
be equal to three times the weight of the liquid. 


In what con- 


ZAR. . : 
dition is the 41. The surface of a liquid when at 


surface ofa lest is always Horizontal, or Level. 
liquid at rest ? 

The particles of a liquid having perfect freedom of 
motion among themselves, and all being equally attracted by gravi- 
Wg is the tation, the whole body of liquid will tend to arrange 
ee at 3 itself in such a manner that all the parts of its surface 

id at res i 
ee shall be equally distant from the earth’s center, which is 

the center of attraction. 


In a cubical vessel, for example, the pressure upon > 


a 
a 
a | 


ace, 
and at the bottom, or the average of the entire pressure upon the sidel G 


f extent, its SP 
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A perfectly level surface really means one in which every part of 


rate near the cent rth: it : 
phe surface is equally er of the ea What is the 


must be, therefore, in fact, a spherical surface. But SO true defini- 
jarge is the sphere of which such a surface forms a part, tion of a 
a. ‘reservoirs and. receptacles of water, of limited spherical 
that in’ sae ; : surface ? 
hericity can not be noticed, and it may be 
considered as a perfect plane and level; but when the surface of water 
5 of great extent, as in the case of the ocean, it exhibits this rounded 


form conforming to the figure of the earth, most perfectly.* 
bd 


242. Water or other liquids will always In what man- 


a ° A ner willa 
rise to an exact level in any series of dif- tiquid rise in. 


’ a series of 
ferent tubes, pipes, or other vessels com> a ewscee: 


‘cating with each other. sels commu- 
unicating nicating with 


each other ? 


m 


This fact is sufficiently illustrated by reference to 


Fig. 9°- Sir ca fete Lda 
243. It is upon the application of the principle that water in pipes 


will always TIS€ On what 
to the height principle are 


or level of its ws enabled 
h t lL to convey — 
source, that all oterin « | 


arrangements aqueducts 
for conveying over uneven 
ee surfaces ? 
water over un A 
even surfaces. in aqueducts, _ 
or closed pipes, depend. The 
water brought from any reservoir or source of supply, in or near a 
town or building, may be delivered by the effect of gravity alone to 
every location beneath the level of the reservoir; the result not be- 
ing affected by the inequalities of the surface over which. the water- 
pipes may pass in their connection between the reservoir and the point 
of delivery. So long as they do not rise above the level of the source 
of supply, so long will the water continue to flow. ae 








*A hoop surrounding the earth would bend from a perfectly straight line eight 
inches in a mile. This curvature increases as the square of the distance. For two 
miles it is 8.X.2?== 32 inches; three miles, 8 X 3? = 72 inches, &c. Consequently, 
if a segment of the surface of the earth a mile long were cut off, and laid on a perfect 
plane, the center of the segment would be only four inches higher than the edges. A 
small portion of it, therefore, for all ordinary purposes, may be considered as a perfect 


plane. 































































































































































































































































































































































































































































































































































































































































































































































































































































































130 NATURAL PHILOSOPHY. 


Fig. gt represents the line of a modern aqueduct: aae 
the water level of a pond or reservoir upon elevated 
this pond a line of pipe is laid, passing over a bridge 
and under a river at ¢. The fountains at 3 4 show the 
the level of its source in the pond a, at two points 
elevation. | 

The ancients, in constructing aqueducts, do not seem to have eye 
practically applied this principle, that water in pipes rises to the leve] 


or viaduct 4 5; 
stream risin a 


of very differen; 


i. Aa 

NN) Gay 
ot, A 
iTpees PERS, 
wh N 


KES 
SSN : 


iE a 


ys Hi 


; 
ihe 


UG JOO" 
jG” 


of its source. When, in conducting water from a distant source to 
supply a city, it became necessary to cross a ravine or valley, immense 
bridges or arches of masonry were built across it, with great labor 
and at enormous expense, in order that the water-flow might be con. 
tinued nearly horizontally. At the present day the same object jg: 
effected more perfectly by means of a simple iron pipe, bending in 
conformity with the inequalities of surface over which it passes. 

In the construction of pipes for conveying water, it is necessary 

that those parts which are much below the level of the 
In what man- : 5 
Aes aha y4 reservoir should have a great degree of Strength, since 
pipes forthe they sustain the bursting pressure of a column of water 
Souveyance whose height is equal to the difference of level. A 
of water be : 5 : ~ 
constructed? P!Pe with a diameter of four inches, a hundred and fifty 

feet below the level of a reservoir, should have suf- 
ficient strength to bear with security a bursting pressure of nearly five 
tons for each foot of its length. 

Upon the principle that water tends to rise to the level of its 
Source, Ornamental fountains may be constructed. Let water spout 
upward through a pipe communicating with the bottom of a deep 
vessel, and it will rise nearly to the height of the upper surface of 
the water in the vessel. The resistance of the air, and the falling 
drops, prevent it from rising to the exact level. Let A, Fig. 92, repre- 


represents _ 
ground. From 4 


differen 


H Ri) geen a 


EN st Ba; = = Tit TTT, TOTTNTY arr} a 
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Glled with water to a constant height, B. If four bent 
e ted in the side of the cistern at 
“a wces below the surface, the 
: ecard from all the orifices to 


sent 
pes 


x will Je 
wate he same level. : 
nomena of artesian wells, and the 


The phe depend on the same 


plan of boring for water, 
_ An Artesian Well is a cylin- 
; excavation formed by bor- 
the earth with a species : 

in of water is found, 

er, until a sheet or vein 

ae water rises through the excava- . ian 
. an excavations are called artesian, attoeian 
B nise this method was employed for 
suing water at Artois in France. 








drical 
ing into 


ises i etimes in ordi- 
The reason that the water rises in artesian, and som 


IIs, to the surface, is as follows: The surface of Why does 
a es ne formed of different layers, or strata, of dif- Mmewalcue 
a ceria, such as sand, gravel, clay, stone, &e., ee oe 
on the other. In particular situations, these ver 
:... a est horizontally upon one another, but are inclined, the 
Fe . : He being like cups or basins placed one within the other, 
differen 


asin Fig.93- Some bees 
of these strata are te Af pes 
composed of mate- f G i 
oo Be ae ar (||| ee ol I: Me 
gravel, through (Se BW ay, | 

which water will six So a 

soak most readily; ¥ \ aS ; gee ore = oa 
while other strata, = SSS ig 

jike clay and rock, tit as aR ee 


will not allow the Ames 
water to pass through them. If, now, we suppose a stratum like ; 


°j ther 

ervious to water, to be included as at a a, Fig. 93, lees oe a of 

Bei of clay or rock, the water falling upon the uncovere a ie va 
the sandy stratum @ a will be absorbed, and penetrate throug 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































132 NATURAL PHILOSOPHY. 

whole depth. ‘It will be prevented from rising to the surf 
Impervious stratum above it, and from sinking lower b co 
Impervious stratum below it. It will therefore a 
reservoir. If, now, we bore down through the upper strat 
ne we reach the stratum containing the water, the water Will Pica” 
oe sacra to a certain height, proportional to the height ol . 
ater accumulated in the reservoir a a from which it fl ? 
245. The rain which falls upon the surface of the e ae 
What is the downward through the sandy and porous ae 
oe Pf bed of clay or rock, through which the cas 

penetrate, is reached. Here it accumulate runni 
along the surface of the impervious stratum, bursts out . ae > lod 
ee some point where the impervious bed or wean 2 ao 
€ In consequence of a valley or some depression. Seal 
a flow of water const). 
tutes a spring. Suppose 
a, Fig. 94, to be a grave] 
hill, and 4 a stratum of 
clay or rock, impervious 
to water. The fluid per- 


: colating through 
gravel would reach the impervious stratum, along which it a a 
n 


until it found an outlet at 
c, at the foot o i : 
would be formed. pe whete a spring 
_ 246. If there are no irregularities in the surface, so situated as to 
Why does allow a spring to burst forth, or if a spring issues out at 
water celrot ae point of the porous earth considerably above the 

5 sur : 
Hak ene : ie the clay or rock upon which at some depth 
eee a | such earth rests, the water soaking downward will 

all be drained off, but will accumulate, and rise among the particles 


by th 

@ 
the “qually 
ate as in 
um, as at J 


Sinks 
ntil a 
n hot 


Sees 
soil, as it would among shot or bullets in a water-tight vessel. If 


a ae or pit be dug into such earth, reaching below the level of the 
MG fe accumulated In it, 1t will soon be filled up with water to this 
evel, and will constitute a well. The reason why some wells are 


is : 

a ae the great aes wells of Grenelle, near Paris, and of Kissengen in B 
, the water rises from depths of eighteen hu i ae 

: ndred and nineteen hundred f 
eee height above the surface of the earth. The well of Paris is ae : 
Ene ee at the rate of fourteen millions of gallons per day. The = = f 
y in which this water fell, from the curvature of the layers, or strata, of eet 
> 


f 


\ 
“ G 


( Ss 


Boe clay be 
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n others is, that the distance of the impervious stratum 
Jow the surface is different in different localities. 

s and springs, therefore, are merely the From what ~ 
ter which has sunk into the earth, appearing again, eee 
Pad gradually accumulating, Os escaping at a lower level. ong springs 

248. The property of liquids to assume a horizontal derive their 
_yrface is practically taken advantage of in ascertaining water?’ 
Becher a surface is perfectly horizontal, or level, and is accomplished 
i f an instrument known as the Water or wpatisa 

This consists of a small glass tube, Fig. water or 


h spirit or water, except a small space spirit level ? 
In whatever position 


r tha 


47. All well 


yain-wa 


py means 0 
Spirit Level. 


occupied with air, and called the air-bubble. 


the tube may be placed, the bub- 
ple of air will rest at the highest 
If the two ends of the 
Jevel, or perfectly hori- 
air-bubble will remain 
in the center of the tube; but if 
the tube inclines ever So little the bubble rises to the higher end. For 
practical use the glass tube is inclosed in a wood or brass case or box. 
249. The method of conducting a canal through a country, the 
surface of which is not perfectly horizontal, or level, 
depends upon this same property of liquids. In order 
that boats may sail with ease in both directions of the 
canal, it is necessary that the surface of the water should 
be level. If one end of a canal were higher than the 
other, the water would run toward the lower extremity, overflow the 
banks, and leave the other end dry. But a canal rarely, if ever, 
passes through a section of country of any great extent, which is not 
inclined or irregular in its surface. By means, however, of expedi- 
ents called Locks, a canal can 


be conducted along any de- 
clivity. In the formation of a 


point. 
tube are 
zontal, the 


Upon what 
principle are 
canals con- 
structed and 
operated? | 


canal, its course 1s divided 


into a series of levels corre- 
sponding with the inequalities 
of the surface of the country 


through which it passes. 
These levels communicate with each other by locks, by means of 


which boats passing in any direction can be elevated or lowered with 
ease, rapidity, and safety. 
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Fig. 96 represents a section of a lock, and Fig. 97 the const | 
of the Lock Gates. The section Fig. 96 represents a place where thea ; | 
is a sudden fall of the ground; along which the canal has to pass, A B 
and C D are two gates which completely intercept the course Of the 
water, but at the same time admit of being opened and close 


4 a ‘ ces. ° 5 nee b 
: dA  displa Buoyancy is the name applied to the fo y, 
is the level of the water in that part of the canal lying above the gate ne 251- uoy 
A B, and E F and F G the levels below the gate AB. The “2 | 


ts iquid 1S whatis 
mmersed in a lig 
A Part of 4 } _ which a solid 1 q buoyancy ? 
the canal included between two gates, as E F, is called a lock, because ¢ P . ed or pressed upward. 
it, i . ; av : : than 
Ta eel tS det mie go ca be sia Oy closing both Pair of J . he - e offered when we attempt to sink a body lighter d 
gates. If now it is required to let a boat down from the higher leve] The resistance a yes that the water presses with a force upwar 
’ idul b) m0) 5 : 
er, In oS el Upon this fact the laws of floating bodies 
ow : | 
and for this reason the bot- 
ge ships are constructed 
trength. 
4 reat degree of s 
“a we immerse a body in water, 


= fea Ue I | | = ai : — z. ; ty of 
IIe eee ee ey Zulll <e = | Hii, 1 » laces a quanti When we 
ci ie ‘ily NIN : he equal to its OWN immerse 
ie 2a ly ps | Beck. (in Fig. 98) the abodyin 
! ae porn |S \ | AVES 4 bulk. : water, W 
i hi erm I ii j i IGS } = a | g space occupied 2 se occurs ? 
Hii Zl | li \\ E —_ = 4 } | A B is O vious j 
il! Nm Gil iliilinnies oe to a cube of water of the same 
a Al [ 3 ; _ The water that before occu 
4 La =a = = tee SS eS - = Ta the space which the body now 
THY gl SS Set ae was supported by the pressure : 
; f water aroun 
other particles of \ 
The same pressure 15 exerted ee 
the substance which we Be ae atise supported in a like degree. 
: d consequently 1 the pressure . 
( - a in the water, an 1 bulk of water, P 
ie : than an equa 
A H, to the lower level, E G, the gates C D are closed tightly, and an _ a= ee bean it entirely, and the body will When will a 
Opening made in the gates A B (shown in Fig. 97), which allows the q . os ae ae he contrary, it is heavier than eo ae Gedy ne 
water to flow gradually from A H into the lock A EF C, until it — ee.” ter, the pressure of the particles © os float, in 
i ; 4 = bulk of water, aietergrs d, yielding to the 
attains a common level, H A C. The gate A B is then opened, and A _ a le wholly to sustain it, and, y water? 
the boat floats into the lock A B C D. The gates A B are then q q a ee a E: E siabion, it descends, or sinks. 
closed, and an opening made in gates C D, which allows the water to | 7 a -y of liquids is in proportion to 
flow from the space A E F C, until it comes to the common level, 4 — 252. The buoyancy 0 q 
EFG. The gate C D is then opened, and the boat floats out of the 3 q 


: ; ‘tv: or, in other To what is 
WC eitheir density or specific gravity ; OF, the buoyancy 
locks into the continuation of the canal. To enable a boat to pass c. lid is buoyant in a liquid, IM PLO- o¢ jiquids 
from the lower level, E F G, to the superior level, A H, the process > a words, a SO 
here described is reversed. 


iqul tional? 
- portion as it is light, and the liquid heavy. Propor 


a id is 1 With what 
. 3 When a solid is immersed 1n a, Wis cae 
‘++ will be pressed upward with a floating body 
° J es Tr 
al to the weight of the liquid it * 


upward ? 


*UCtion 











| jiquid, 
1 force othe 
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® 
Thus quicksilver, the heaviest or most dense fluid 
iron upon its surface 3; anda man might float upon 
as a cork floats upon water. Many varieties of wo 
in oil float readily upon water. 


253. The Specifie Weight, or the Specific Gravity, of 
What is spe- 2 body, is the weight of a given bulk o, 
cue weight? volume of the Substance, compared With 


the weight of the same bulk or volume of some 
other substance. 


The term “ specific ” weight, or gravity, is used because bodies og 
different species of matter have different weights under equal bulks 
or volumes. Thus a cubic inch of cork has a different weight from 
a cubic inch of oak or of gold, and a cubic inch of water contains 
a less weight than a cubic inch of mercury. Hence we say that the 
specific gravity or specific weight of cork is less than that of oak 
or gold, and the specific gravity of mercury is greater than that of 
water. 

254. Specific gravity, or weight, being merely the comparative 
Whatisthe &'#V1ty, Or weight, it is convenient that some standard 


standard for ' Should be selected, to which all other substances may be 


estimating _ referred for comparison. Distilled water has accord- 
the specific 


} ingly been taken, by common consent, as the standard 
gravity of : : care ; | 
bodies ? for comparing the weights of all bodies in the solid or 

liquid form. 


To find the specific gravity of solids we have the following rule : — 


‘Mercury as €asj] 
od which wil] Sink 


How co we 


determine = jn water, and also in air. Divide the 
the specific 


gravity weight in air by the loss of weight in 
of solids 


heavier water, and the quotient will be the specific 
ee cravity required. 


Suppose a piece of gold weighs in the air nineteen grains, and 
in water eighteen grains: the loss of weight in water will be x. 
19 +1 = 19, the specific gravity of gold. 

Fig. 99 represents the arrangement of the balance for taking spe- 
cific gravities, and the manner of suspending the body in water from 
the scale-pan, or bean, by means of a fine thread or hair. 


255. Ascertain the weight of the body 


re 


_ water is t 
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iqui le capable of 
ining the specific gravity of liquids, a bott Pp | 
obtain 

| a exactly How do we 
i obtain the 

specific grav- 

ity of liquid 

bodies ? 


60° Fahr 


Janced upon the scales. The 
bala 


hen removed, and its 

d with the fluid 

gravity we wish na 

d the bottle and Nice 
The il 


Hit. ‘WN ies 
) 


lace supplie 
whose specific 
termine, and U 
.. ts again weighed. 
eioht of the fluid, divided by 
pS eight of the water, gives 
™ cfc gravity required. 
the holding 1,000 . oe 
'- Baca water will hold 1,845 grains of sulp 
i 1 
grains © 


9 O “d >) 
1,8 2 


£ water. Acie the 
than an oe gravity of liquids may also be found by 
256. Lhe 


lid body a 
i nner: Weigh a so : How may 
Jance in the following Ee eal specific gravity gna the spe- 
ee as well as in the liquid w aoe p Willbel cabeccoley 
va ined; then the loss in each case q directly by 
is to be om ane of equal bulks of water an the balance? 
spective Wel ; ie 
aa a We have, therefore, the following ru 
liquid. 


s e e he 
icht in the liquid by th 
ivide the loss of weig : me 
| - ae in water; the quotient will give the 
Oss g 


specific gravity of the liquid. 


conten 








5 


i : f the acid. 
; : 20 = 1.5, the specific gravity 0 ese r 
os oe ae ue also be found by means of an in : 
Speciiic 


called the hydrometer. os 
Hydrometer consists of a hollow g 
ae ich a spherical whatisa 
tube, on the lower part of whic a sp pee went 
ald is blown, the latter being filled with . 3 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































138 NATURAL PHILOSOPHY. 


suitable quantity of small shot or quicksilver, in Ord 
$ Cr 


to cause it to float in a vertical position. The up 
: Per 


part of the tube contains a scale graduated j 
suitable divisions. (See Fig. 100.) = Into 


It is 
obvious that the hydrometer will sink to a greater or ] 
ess 


depth in di iqui 
Howmaythe . a different liquids ; deeper 
specific grav- |” the lighter ones, or those f 
ity of aliquid Small specific gravity, and not 4 
So 


be deter- d i 
eep I “hi 
Aimee ene P In those which are denser, 


hydrouetec > OF which have great specific 


gravity. The specific gravity of | 


a liquid may, therefore, be estimated b 
number of divisions on the scale which a 
above the surface of the liquid. Tables a 
constructed so that by their aid, when the yn a 
ber on the scale at which the hydrometer fo .. 
in a given liquid is determined by experi ail 
a specific gravity is expressed by figures no 
Dees directly opposite that number in the 
There are various forms of the hydrometer 
oe pe ie adapted for determining the density 
CO ie ae S, oils, syrups, lye, &c. It affords a ready 
7 aon eta ing : e purity of a liquid, as, for instance, alcohol 
eee er HO alcohol adds to its density, and therefore a 
ae yancy. The addition of water, therefore, will at o 
n by the less depth to which the hydrometer will sink in a 


] q e p p 
wW S 


Archimedes, it is said, to the discove inci 
Ranean ; ry of the principle of specific “i ET! 
a ee is OS a eaaes lie a crown of gold, desired eles eae ae 
aes defacing ze : a ¢ she was costly, he wished to accomplish . 
Se © ae si us tem was referred to Archimedes. The philosopher f 
ee chit in olve it; but, being in the bath one day, he observed that the 
at See ne proportion to the bulk of his body beneath the surf: : 
Sk eater a y Pa ee that any other substance of equal size Ser 
ico Sauna ee ae one of equal weight and less size or bulk odd 
ee pai eae ect. opuinced that he could, by the applicati £ thi 
; mine whether Hiero’s crown had been adulterated and ed Hs 
? wit 


air ins 
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For obtaining the specific gravity of gases, 
tead of water is adopted as the How do we 
: : obtain the 
dof comparison. The weight Olea. teecincl say: 
ume or measure of a gas is com- offa as? 
h the weight of an equal volume of pure 


air; and the weight of the gas, divided 


259: 


standar 
giv en vol 
pared wit , 
atmospheric 


py the weight of the air, will express the specific 
gravity of the gas. 3 


The following table exhibits the specific gravity of various 


260. 
solid, liquid, and gaseous bodies; pure water, having a temperature 


of sixty degrees Fahrenheit’s thermometer, being assumed as the 
standard of comparison for solids and liquids, and pure, dry air, 
having the same temperature, being assumed as the standard of com- 
parison for gases. The metal platinum has the greatest specific gravity 
of any solid body, being more than twenty-one times heavier than an 
equal bulk of water; and hydrogen gas the least specific gravity of 
any of the gases, being 14.4 lighter than an equal bulk of air, and 
12.000 lighter than an equal bulk of water. These two substances are 
respectively the heaviest and lightest forms of matter with which we 


re acquainted. : 
gueraen SOLIDS AND LIQUIDS. 


Distilled water . : ~ 1.000... Wiamond..; ; age 52n 
Platinum (hammered) - 20.330 Flint glass 3.080 
Gold . : : 5 . 19.260 ‘Porcelain . sas oe 312.240 
Mercury. - . 14.000 Coal (anthracite) sugrlaG GO 
Lead. ; SABO Boxwood . - ; 21.320 
Silver .- : 10.470 White pine : 550 
Copper - . 8850 Alcohol shn7.92 
Tron ¢ 7700. wither =. a7.30 
Tin « : ‘ oO Tues COU * : 6 : e240 


admiration and delight, he is said to have leaped from the water, and rushed naked 
into the street, crying, “ Evpnka / Evpnka /” “J have found it! I have found 
it!” In order to apply his theory to practice, he procured a mass of pure gold, and 
another of pure silver, each having the same weight as the crown ; then plunging the 
three metallic bodies successively into a vessel quite filled with water, and having 
carefully collected and weighed the quantity of liquid which was displaced in each 
instance, he ascertained that the mass of pure gold, of the same weight as the crown, 
displaced less water than the crown : the crown was, therefore, not pure gold. The 
mass of pure silver of the same weight as the crown displaced more water than the 
crown: the crown, therefore, was not pure silver, but a mixture of gold and silver. 
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e of different liquids, the particles of which are free to 
themselves, this arrangement always exists, wypat are 








GASES. | | _ 

ee dry atmospheric air . 1.0000 N itrogen . . ' —— mm the fe 
arboni i i f - os ie amon ; 
a ae acid gas > 1.5245 Ammoniacal gas : a a q es as the different substances do not combine illustrations 

° ° e yp i _, ’ 3 O ° ° i 

Ys - 1.1105 Hydrogen. : : hee 7 _ sO ther, by the force of chemical attraction, to form a Caer 
a 7 Pe pcund substance. Thus water floats upon sulphu- P 
com 


How can we s : 

determine 261. M ultiply the weight of a cubic foot : 4 - acid, oil upon water, and alcohol upon oil; and, by carefully pour- 

the absolute Of water by the specific gravity of a sunt a . # each of these liquids successively upon the surface of the other, 
~ f be arranged in a glass in layers. 


weight of a 
body fro stance: the pro { _ a 
m product will be the weight of _ ss . ee acid gas is heavier than atmosphericair. We accordingly 


its specific : 

° a ‘ 7 P ° 

gravity ? cubic foot of that substance, 4 q fnd that it accumulates at the bottom of deep pits, wells, caverns, and 
a . n R 
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| i | . 4 ines. ; 
Multiplying’ 1,000 ae eee coal has a specific gravity of 1.530 E a This principle also explains certain phenomena which at first seem 
el Ee tea es el water, by this q - opposed to the law of terrestrial gravity, that all matter 
“ d the center of the earth. We observe Wey. sore 


number, w : ety 

ae , we obtain 1,530 ounces, which is the weight of a cubic foot of q j ‘< attracted towar 
; q ) . j ~ 

4 q ® palloon, a soap-bubble, or a cloud of smoke or steam, ascend, ora 


262. The volume or bulk of any given weight of to ascend; and a cork or other light body, placed at the core uae to 
bottom of a vessel of water, e surface 


Sa 
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rises through it, and swims of water ? 


Howcanwe a substanc : ; 
ite e can also § er 
eal oil ee by dividi h ine reaey calculaneg q 4 on the surface. These phenomena are a direct conse- 
Ste NE ing the number expressing the - & quence of gravitation; the attraction of which, increasing with the 
{ ’ | ‘draws down the denser air and water to occupy the 


substance ° ° 
ont cene. weight in ounces by the number express- uantity of matter, 3 
place filled by the lighter bodies, which are thus pushed up, and com- 


cifi it ’ ° 2 4 

ae 2 ree the specific gravity of the substance j : : 
Omittin the deci 1 ° ° ae ij g elled, to ascend. ; 
e aes points) tne quotient will a me «=~ Ss 264. For the reason that the buoyancy of a liquid is proportioned to 


ex 4 4 Pn . eattale e ° 
press the number of cubic feet in-the volume or . @ +s density, a ship will draw less water, or sail lighter, by one thirty-fifth in 
bulk. 1 4 the heavy salt water of the ocean, than in the fresh water of a river: 


for the same reason it is easier to’swim in salt than in fresh water.* | 
What is 
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Thus, for example, if it be desired to i 4 
? ’ ascertain the bulk of a ton of 7 4 , 1 
a ody ma float with 
265. In order that a b y y eusentialiee 


se m e only necessary to reduce the ton weight to ounces, and a 

1vide A ? q é is Stites 5 

beret ae tae a ounces by 7,790: the quotient will be the num: _ = stability, 1t is necessary that its center of the stability 
eet in the ton weight. a ‘- , . of a floating 
| g PG gravity should be situated as low as pos- 404,> 


sible. 7 ao 


* “ A floating body sinks to the same depth, whether the mass of liquid supporting 
it be great or small; as is seen when an earthen cup is placed first in a pond, and then 


arrangem 1 | a 7 : 
: a BD ESe would alway Ss be q in a second cup only so much larger than itself, that a very small quantity of water 
1 will suffice to fill up the interval between them. An ounce of water in this way may 










































































(263. If the particles of all matter were werfecite 


If the parti, free to move amon 
ee g themselves, their 
ter were free © 


tomove,how in exact ° ; . 
accordance with their dj | a 
: different a 3 be made to float substances of much greater weight. And if a large ship were received 































































































would they 7 
arrange Specl iti oats ecg ; : 
= : : BiaNitles Da other words, light into a dock, or case, so exactly filling it that there were only half an inch of interval 
between it and the wall or side of the containing space, it would float as completely 


themselves ? b di 5 a 
odies, or those having a small specific - 4 ees aaa 
gr avity would rest ' 4 when the few hogsheads of water required to fill this little interval up to its usual 
Bodi f h upon or rise above all heavier 1; a water-mark were poured in, as if it were on the high seas. In some canal locks, the 
odles, or those possessin : . * st fit the place in which they have to rise and fall and thus diminish the quan- 
a greater s P ; boats just fit the place in whic y . 
Soe te speciic gravity £ q tity of water necessary to supply the lock.” — Arnott. 




















































































































































































































































































































































































































































































































































































































































































































































































































= ——————— = = — 


—S = === : 




















SSS 


== 

















=a 


























SSS 





















































































































































































































































































































































































































































































































































142 NATURAL PHILOSOPHY, 


For this reason, all vessels which are light in proportion t 
Whatisthe Dulk require to be ballasted by d iting i ee 
What ist : y depositing in the loy 

allast portions of the vessel, immediately above the k oa 
eel, a 


in vessels ? ; 
quantity of heavy matter, usually iron or stone Gh 
° Qe. 


center of gravity may thus be brought so low that no force of 
wind striking the vessel sideways can capsize it. By raisin the 
center of gravity, as when men in a boat stand upright, the equi = the 
is rendered unstable. : quilibrium 
When is a A body floating is most stable when it floats upon ; 
floating body greatest surface: thus ] . Pon its 
setae se a plank floats with the greatest 
eee si a i ity when placed flat upon the water; and _ its Posi 
ae tion 1s unstable when it is made to float edgewise 
_ A solid can never flo i : 
hag at that is heavier, b 
than the liquid in which it is iramersed. balic for bulla 


How cana 
266. “A body composed of any materia] 


body heavier 


than an equal how 

bulk of water NET heavy, can be made to float on 

bemadeto any liquid, however light, by givine jt 
co) 


float? 
such a shape as will render its bulk 
ume lighter than an equal bulk of water. a 


ie ships and boats are illustrations of this principle. <A shi 
: S ie aapaee tons’ weight will displace just as much water . 
oat to the same depth, whether h Se 
er cargo be feathe 
iron. A ship made of iron fl j lee ee 
oats just as high out of i 
tae . g of water as a sh 
: ie form and size made of wood, provided that the iron be 
proportionally thinner than the wood, and therefore not heavj : 
ee not heavier on 


Practical Problems relating to Specific Gravity 


rt. The wei i is : 
ee ee ne ee 
Olu — ins = i 5 
= 4, ee of weight in water; 200 grains (weight in air) + 50 
ere weighed in the air 28 pounds, and in water 24 pounds: what is its spe- 
. An irre i i 
aes in ae ee. ee ys fae 2 Dub pss 3. Upep being 
EBAY 2 a weight of a gallon of alcohol ? ee : 
an St es Sep of any liquid, in pounds avoirdupois, is equal to its specific 


Fe ee ee 


ee 1 


—s ee a 


@- 


Saar 
tone SRS enc EO — 

‘ si “— P aim . 

, ios ; . 


HYDROSTATICS. 


How much more matter is there in a cubic foot of se 
& than in a cubic foot of fresh water? 
Se id a piece of steel sink, or swim, in melted copper ? 


6. Wou 
7 Ifa cubic foot of water weigh 1,000 ounces, 


143 


a-water (specific gravity = 


what will be the weight of a cubic 


foot of lead? . 
ll be the weight of a cubic foot of cork, in ounces and in pounds ? 


g, What wi 
9. How many cubic feet in a ton of gold? 


10. How many cubic feet in two tons of anthracite coal ? 
11. How many cubic feet in a ton of cork? 


2. A fragment of metal lost 
dimensions, supposing 2 cubic foot of water to weigh 1,000 ounces ? 


Solution. — The loss of weight in water, 


water equal to that o 
can determine the number of cubic inches or feet in any given weigh 


(the weight of a cubic foot of water in ounces) is to five ounces, 
per of cubic snches in a cubic foot) to 8.64 cubi 
fragment. 

13. Wishing to ascertain the nu 
stone, it was weighed in water, 
What were its dimensions ? 


SECTION I. 


CAPILLARY ATTRACTION. 


267. If we 
it is said to be wet; that 
film or coating of water, which adheres to it in Oppo- 
sition to the cohesion of the liquid particles. There is 
therefore an attraction between the particles of the 
water and the hand, which, to a certain extent, is 
the influence of cohesion between the 


is, it is covered with a thin 


stronger than 
particles of the water. 
If now we plunge the hand into a vess 


of the particles 
hand, when withdrawn, will be perfectly dry. 


five ounces when weighed in water: what were its 


five ounces, is the weight of a bulk of 


{ the body. As we know the weight of a cubic foot of water, we 
t, thus: aS 1,000 


so is 1,728 (the num- 
c¢ inches, the dimensions of the 


mber of cubic inches in an irregular fragment of 
and its loss of weight observed to be 4.25 ounces. 


plunge the hand into a vessel of water, and withdraw it, 


Explain the 
phenomena 
observed 
when the , 
hand is 
plunged into 
different 
liquids. 


el of quicksilver, no adhesion 
of the mercury to the hand will take place, and the 


If we plunge a plate of gold, however, into water and quicksilver, 
it will be wet equally by both, and will come out of the quicksilver 


covered with a white coating of that liquid. 


It is therefore obvious that a certain molecular attraction exists 


between certain liquid 
the same extent between others. 


s and certain solids, which does not prevail to 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































144 NATURAL PHILOSOPHY. 


268. That variety of molecular force which ma 


What is fests itself between the surfaces of sol 
capillary 


attraction? and liquids is called Capillary Attraction, 


ni. 
lds 


This name originates from the circumstance, that this Class of a 


Whatisthe Phenomena was first observed in small glass tube 


origin of the bore of which was not thicker than a hair, 
term ? 


S, the 
and Which 
were hence called capillary tubes, from the Latin word 
capillus, which signifies a hair. 

269. If a body be placed in a liquid which wets it, as a glass roq 
What Be | in water, the water is elevated against the side of the 
casesof . Solid, as shown in Fig. ror. If, on the contrary, the 
capillary liquid does not wet the solid, as when we plunge a 9] 
attraction ? - . : 
? rod into a vessel filled with mercury, the liquid is de. 
pressed near the rod (Fig. 102). The same phenomena are exhibited 
against the sides of the vessel containing the liquid. (Figs. 103, 104.) 





Fic . Fic. 103. _ Fic. 104. 

270. In a capillary tube, a liquid will ascend above 
its general level when it ‘wets the tube, and is de- 
pressed below its level when it does not wet it, 


Wheawit.. (Pgs. 10k, 
a liquid be 106 ) . 
elevated, Se 


and when : 271. The 
depressed, in : ; 
a capillary: hei iS Ae. ote 


(ee, (tube? which any 
Fic. 106. liquid will rise in capil- 
lary tubes is in proportion to the smallness of their 


Towhatis diameters; but the height varies with the 
the elevation liquid A If ene 
cee quid used. we represent the height to 


capillary 1 j 1 
meee which water is elevated in a tube by 100, 


portioned? that of alcohol will be expressed by 40.38. 














a truth of t 


m of t 
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Thus in two tubes, one of which is double the diameter of the other, 
‘d will rise to twice the height in the 

Bet be that it will in the larger. The Ar 
his principle can be made evident 

ne following beautiful and simple experi- 
ee Two square pieces of plate-glass, C 
Fig. 107, are arranged so that their 

faces form a minute angle at A. This 
: ‘tion may be easily given them by fast- 
a - with wax or cement. When the ends 
ee plates are placed in the water, as 
shown in the figure, the water rises in the 
space between them, forming the curve 
which 1S called an hyperbola. The elevation of the water between 
ihe two surfaces will be the greatest at the points where the dis- 
tance between the plates is the least. It will also be noticed that 
the liquid between two tubes placed near each other, as in Figs. 105, 
106, is acted upon in the same manner as the liquid within the tubes, 


ment. 
and B, 








put to a less degree. 
72. If the surface of a body repels a liquid, such a body, though 
heavier, bulk for bulk, than the liquid, may under some ,,)., Sas 
circumstances float upon it; and so present an ap- needle be 
parent exception to the general hydrostatic law by which made ee 
solids which are heavier than liquids, bulk for bulk, will bd 
sink in them. An example of this may be shown by slightly greasing 
a fine sewing-needle, and then placing it carefully in the direction of 
its length upon the surface of water. The needle, although heavier, 
bulk for bulk, than water, will float. a 

The power of certain insects to walk upon the surface of water 
without sinking has been explained upon the same principle. The 
feet of these insects, like the greased needle, have a capillary repulsion 
for the water; and, when they apply them to the surface of water, 
instead of sinking in it, they produce depressions upon it. 

For a like reason, water will not flow through a fine sieve, the 
wires of which have been greased. 


273. A liquid will not wet a solid when the force 
of adhesion developed between the parti- |... 
cles of the liquid and the surface of the liquid fail to 
solid is less than half the cohesive force “**°""" 
which exists between the particles of the liquid. 

















































































































































































































































































































































































































































































































































































































































































































































































































146 NATURAL PHILOSOPHY. 


274. Heat, by diminishing the cohesion of the 
liquid particles among themselves, favors capillary 
action. 


Illustrations of capillary attraction are most familiar in the expe. 
rience of every-day life. The wick o 
che pare lifts the oil ae aa rease whi h : ee Te 
amiliar & ? roe ub Dues ene flame, 
illustrations froma surface often two or three inches below the Point 
igs ened of combustion. In a cotton wick, which Is the materia] 
: best adapted for this purpose, the minute, Separate 
fibers of the cotton themselves are capillary tubes, and the interstices 
between the filaments composing the wick are. also capillary tubes; jp 
these the oil ascends. The oil, however, can not be lifted freely 
beyond a certain height by capillary attraction: heace, when the Sur- 
face of the oil is low in the lamp, the flame becomes feeble, or expires, 
If the end of a towel, or a mass of cotton thread, be immersed in a 
basin of water, and the remainder 
allowed to hang over the edge of 
the basin, the water will rise through 
the pores and interstices of the cloth, 
and gradually wet the whole towel, 
In this way the basin may be entirely 
emptied. <A filter for separating 
solid particles from a liquid may 
be formed on this principle. In the 
cup A, Fig. 108, is placed a solu- 
tion of acetate of lead. The short 
end of a skein of lamp-cotton, pre- 
viously wetted with distilled water, 
is placed in this cup, while the long 
end dips into glass B, which con- 
tains dilute sulphuric acid. The 
solution of lead passes into it, and 
forms with the acid a sulphate of 
lead. On connecting B with C by 
means of dnother skein of lamp- 
cotton, the clear liquid is drawn into C, leaving in B the solid sul- 
phate. The skeins act as siphons. : 
If sand, a lump of sugar, or a sponge, have moisture beneath and 
slightly in contact with it, it will ascend through the pores by the 


Fic. 108. 


Pc 
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ney of capillary attraction in opposition to gravity, and the entire 
i wet. 
ae Me “ciory of a house is sometimes damp, because the 
e of the ground ascends through the pores of the materials 
e ting the walls of the building. Wood imbibes moisture by 
Be ice attraction of its pores, and expands or swells in conse- 
oo ae fact has been taken advantage of for splitting stones: 
1 f dry wood are driven into grooves cut in the stone, and, on 
ee Sctened, swell with such irresistible force as to split the block 
y Fee ction regulated by the groove. . ee 
A piece of dry Honduras mahogany placed in as aa 
a little turpentine is soon found to be wet by the oil at the top, 
be set on fire. : 

rence weight suspended by a dry rope may be raised ? 
“4t]e way by merely wetting the rope: the moisture imbibed by capil- 
A o the substance of the rope causes it to swell 


Jary attraction int 
horter. 

aterally, and become s | 

Capillary attraction is also instrumental in supplying trees and plants 


with moisture through the agency of the roots and underground fibers. 


275. The terms Exosmose and Endosmose are ap- 


plied to those currents in contrary direc- Kee sears 


: : ] WO phenomena 
tions which are established between t dae eee 


fluids of a different nature, when they are and endos- 
LS mose 

separated from each other by a partition 

composed of a membrane, or any porous substance. 


The name endosmose, derived from a Greek word, signifies gozng 

ijn, and is applied to the oe oi aes name exosmose, 
ignifyi ing out, is applied to the weaker cu ; 

Be nea of sige and exosmuose, which are ee 
dependent on capillary attraction, may be illustrated by the i oe 
simple experiment: If we take a small bladder, or any ot a m ; : 
branous substance, and having fastened it on a tube open at bot ends, 
as is represented in Fig. 109, fill the bladder with alcohol, and sa ey 
it, connected with the tube, in a basin of water, to such an oe uae 
the top of the bladder filled with alcohol corresponds with t ok 
of the water in the vessel, in a short time it will be observed that the 


liquid is rising in the tube connected with the bladder, and will ulti- 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































148 NATURAL PHILOSOPHY. 


ee reach the top, and flow over. This rising of the alcohol 3; 

1s evidently due to the circumstance that the water per a 
through the bladder with a ne 
degree of force, producing the . 
nomenon which we call endos 
“going in,” the effect being to “im 
vate the alcohol to a consid 
height in the tube. At the sani 
time a certain quantity of the alate 
has passed out through the pore 

of the bladder, and mixed with an 
water in the external vessel. This 
outward passage of the alcohol we 
call exosmose, “going out.” A less 
quantity of the alcohol will pass out 
of the bladder in a given time, to 
mingle with the water, than of in: 
water will pass in; and consequent- 
ly the bladder containing the alcohol 

having more liquid in it than at ae, 
becomes strained, and presses the 
liquid up in the tube. 

It we have a box divided by a 
partition of porous clay, or any other 
substance of like nature, and place 
a a quantity of syrup on one side, an 
Es He ae gees “a os as two liquids of different oe 

nother, currents wi 
between the two in opposite dikections ae - i ae 
until both are thoroughly mingled with each other. a 


= (= 
! yor TUTTI 


iQ amn ST AD 


276. If a liquid is placed in contact with a surfac 
of the body, divested of its epidermis, or outer ee 
or in contact with a mucous membrane, the li e 
will be absorbed into the vessels of the bod th : 
the force of endosmose. Se 
What is dif 277. If mercury and water be brought 

i together in the same vessel they will nat 
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combine, but remain separate. In the case of alco- 
hol and water, the two liquids cradually intermix. 
This latter operation is called diffusion. 


Diffusion occurs in both liquids and gases, but is a more essential 
roperty of gases. A gas 1s believed to consist of solid wnat is the 
and perfectly elastic particles or atoms, which move in theory of 
jrecti d with different degrees of velocities in diffusion ? 
all directions, an g 
different gases- When confined in a vessel, the particles are con- 
stantly beating against the sides of the containing vessel and against 
each other; but they lose no part of their motion, because they are 
erfectly elastic. If the sides of the vessel be porous, the gas passes 
through the pores, and escapes. At the same time the external air 


or gas passes inwards, and takes the place of that which leaves the 


vessel. 


Practical Questions and Problems in Hydrostatics. 


vel, and sand so easily moved by waves and currents 2 


x. Why are stones, gra 
has only to overcome about half the 


Because the moving water 
weight of the stone. 

2. Why can a stone which on 
lifted and carried in water by one man 2 

Because the water holds up t 
weight of the volume of water it displaces. 


3. Why does cream rise upon milk ? 

Because it is composed of par 
are lighter than the watery particles of the milk. 

4. How are fishes able to ascend and descend quickly in water ? 

They are capable of changing their bulk by the voluntary disten- 
sion or contraction of a membranous bag, or air-bladder, included in 
When this bladder is distended, the fish increases 
gravity, ie., lighter, it rises with 
d, the size of the fish dimin- 


land requires the strength of two men to lift it, be 


he stone with a force equal to the 


ticles of oily or fatty matter, which _ 


their organization. 
in size, and being of less specific 
facility: when the bladder is contracte 
ishes, and its tendency to sink is increased. 

5. Why does the body of a drowned person generally rise, 


face, several days after death ? 
Because, from the accumulation of gas within the body (caused 


by incipient putrefaction), the body becomes specifically lighter than 
water, and rises, and floats upon the surface. 


and float upon the sur- 






























































































































































































































































































































































































































































































































































































































































































































































































































































I50 NATURAL PHILOSOPHY, 


6. How are life-boats prevented from sinking ? 

They contain in their sides air-tight cells, or boxes, filled with air, 
which by their buoyancy prevent the boat from sinking, even while it 
is filled with water. 

7- Why does blotting-paper absorb ink ? 

The ink is drawn up between the minute fibers of the paper by 
capillary attraction. 


8. Why will not writing, or sized, paper, absorb ink ? 

Because the sizing, being a species of glue into which Writing. 
papers are dipped, fills up the little interstices, or spaces, between the 
fibers, and in this way prevents all capillary attraction. 


9. Why is vegetation on the margin of a stream of water more luxuriant than in 
an open field ? , 


Because the porous earth on the bank draws up water to the roots 
of the plants by capillary attraction. | 

10. Why do persons who water plants in pots frequently pour the water into the 
saucer in which the pot rests, and not over the plants ? 

Because the water in the saucer is drawn up by capillary attraction 
through the little interstices of the mold with which the pot is filled, 
and is thus presented to the roots of the plant. 


11. Why does dry wood, immersed in water, swell ? 
Because the water enters the pores of wood by capillary attraction, 
and forces the particles farther apart from each other. 


12. Why will water, ink, or oil, coming in contact with the edge of a book, soak 
farther in than if spilled upon the sides ? 


Because the space between the leaves acts in the Same manner as a 
small capillary tube would, — attracts the fluid, and causes it to pene- 
trate far inward. The fluid penetrates with more difficulty upon the 
side of the leaf, because the pores in the paper are irregular, and not 
continuous from leaf to leaf. 


13. In a hydrostatic press, the area of the base of the piston in the force-pump is 
one square inch, and the area of the base of the piston in the large cylinder is fourteen 
Square inches: what will be the force exerted, supposing a power of eight hundred 
pounds applied to the piston of the force-pump ? 

14. A flood-gate is five feet in breadth, and sixteen feet in depth: what will be the 
pressure of water upon it in pounds ? 

15. What pressure will a vessel, having a superficial area of three feet, sustain 
when lowered into the sea to the depth of five hundred feet ? 

16. What pressure is exerted upon the body of a diver at the depth of sixty feet, 
supposing the superficial area of his body to be two and a half square yards ? 

17. What will be the pressure upon a dam, the area of the side of which is one 
hundred and fifty superficial feet, and the height of the side fifteen feet, the water rising 
even with the top ? 


phy 


CHAPTER VIIL 
HYDRAULICS. 


‘cS 1 t department of siemens 
278. Hydraulics 1s tha p Whats 


7 ws 
sical science which treats of ane la elena 
henomena of liquids in motion. 


flow of liquids in pipes, through orifices 
&c., and the construction 
ned in the 


and p 


Hydraulics considers the s 
sides of reservoirs, in rivers, Candis, 


| 1 J ncer 
=. f all machines and engines which are co 


and operation 0 
motion of liquids. 


279. When an op 


i i in @ Upon what 
ening is made } Opa 


i liquid, it will jet vetocity of 


i ining a y 
ervoir conta velocity 0 
a a velocity proportioned to thea 


ith 
ure below the suriace. depend ? 


depth of the apert 
urface of water in a vessel, D, Fig. 110, 
the water flowing into 


to be kept 


- Supposing the s 

ight by 
t a constant heig ; 
it and that the water flows out through open 
A) 


ings in the side of precisely the ee ee 

then 2 quart-measure would be fille : ee 

jet issuing from B as oe as a pint- 

ee. ee Pana is in consequence of 

the attraction of gravity, and as the So oues 2 Z 

a liquid is equal in all directions, we ae oe 


following principle established : — 


DO ; pAOc (aulos), a pipe. 
* From béwp (kudor), water, and avAog ( ; e 






















































































































































































































































































































































































































































































































































































































































































































































































152 NATURAL PHILOSOPHY, 


280. The velocity which the particles of a liquid 


Whatisthe acquire when issuing from an Orifice 
] it f z ° 4 y 
liquid tow. Whether sideways, upward, or downward 
b 


gone is equal to that which they would have 


reservoir 


equalto? —-_ acquired in falling perpendicularly through 
a space equal to the depth of the aperture below the 
surface of the liquid. 


Thus, if an aperture be made in the bottom or side of a vesse] 
containing water, sixteen feet below the surface, the velocity with 
which the water will jet out will be thirty-two feet per second; for this 
is the velocity which a body acquires in falling through a space of 
sixteen feet. 

As the velocity acquired by a falling body is as the square root of 
the space through which it falls, the velocity with which water wil] 
issue from an aperture may be calculated by the following rule : — 


How may 281. The velocity with which water 
the velocity 


ofaliquia Spouts out from any aperture in a vessel 


flowing from 


we IS as the square root of the depth of the 
calculated? aperture below the surface of the water. 


The water must therefore flow with ten times greater velocity from 
an opening one hundred inches below the level of the liquid, than 
from a depth of only one inch below the same level. 

282. The theoretical law for determining the guantity 


py ietss She: or water discharged from an orifice is as follows: — 


theoretical 


law for deter- 
mining the. Lhe quantity of water discharged from 


quantity of an orifice in each second may be calculated 


water dis- 


charged from by multiplying the velocity by the area of 
an aperture? 
the aperture. 


The above rules for calculating the velocity and quantity of water 
flowing from orifices are not found strictly to hold good in practice. 
The friction of water against the sides of vessels, pipes, and apertures, 
and the formation of what is called the “contracted vein,” tend very 
much to diminish the motion and discharge of water. 


stream t 
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er flows through a circular aperture in a vessel, the 


it 
When we e id e a 
Pater of the issuing stream 1S" COM harsethe 
“ae d, and attains its smallest dimen- « oontracted 
oe . distance from,the orifice equal vein’’ ina 
sions at & ‘fice itself. The current of 
the diameter of the orifice itselt. eyes 
E .. n of the jet at this point, Fig. 111, 
: ‘11 be about two-thirds of the magnitude of the 
6 y This point of greatest contraction 1s called the 
a tracted vein 
ontracta, OY contrac : ae ; 
is phenomenon arises from the circumstance that a liquid con 
} e a . 
eq in a vessel rushes from all sides toward an orifice, yy 04 3. 
E. to form a system of converging currents. These, the une 
i i of this phe- 
. suing out in oblique directions, cause the shape of the aie Se 
3 o change from the cylindrical form, and contract 





FIG, 111. 


ibed. 
-. +, the manner descri 
E by the attachment of suitable tubes to the aperture, the effect of 
the contracted vein may be avoided, and the quantity of ees 
flowing water be very greatly increased. A short PIP€ the effect of 
will discharge one-half more water in the same time eens ie 
than a simple orifice of the same dimensions. as Lon nib 
tube, however, must be entirely without the vessel, as a 
2 ° 

omic. 112; for if con- 

’ ‘ 


tinued inside, as at A, i ss : : 
the quantity of liquid 
discharged will be dimin- ) 


ished instead of aug- Fic. 112. 


ted. : 
F The rapidity of the discharge of the water will also depend much 


‘on the figure of the tube, and that of the bottom of the vessel ; a 
more water will flow through a conical or bell-shaped tube, a s 2 
Fig. 112, than through a cylindrical tube. A still Sar a Ee 

may be gained by having the bottom of the vessel rounded, as at D, 

l]-shaped. 

“ae ae of Plo hundred feet in length, placed horizontally, 
will discharge only one-fourth as much water as a tube of the ee 
dimensions an inch in length; hence, in all cases where it 1s Upto 
to convey water to a distance in pipes, there will be a great disappoin - 
ment in respect to the quantity actually delivered, unless the oe 
takes into account the friction, and the turnings of the pipes, an 

makes large allowances for these circumstances. If the quantity to 

































































































































































































































































































































































































































































































































































































































































































































































































































































154 NATURAL PHILOSOPHY. 


be actually delivered ought to fill a two-inch pipe, one of three inches 
will not be too great an allowance, if the water is to be conveyed to 
any considerable distance. 

In practice it will be found that a pipe of, two inches in dia 
one hundred feet long, will discharge about five times as much Water 
as one of one inch in diameter, of the same length, and under the Same 
pressure. This difference is accounted for by supposing that both 
tubes retard the motion of the fluid, ‘by friction, at équal distances 
from their inner surfaces, and consequently the effect of this Cause jg 
much greater in proportion in the small tube than in the large one, 

As the velocity with which a stream issues depends upon the 

height of the column of fluid, it fo}. 
lows that when a liquid flows from 4 
reservoir which is not replenished, 
but the level of which constantly de- 
scends, its velocity will be uniformly 
retarded. The following principle 
has been established : — 


283. If a vessel be filled 
What will be with a liquid, and 
ice; allowed to. dives 
oe ee charge itself, the 
kept full, and quantity issuing 


when it is : ° 

allowedto {from an orifice in 
empty itself? 4 given time will 
be just one-half what would 
be discharged from the same 
orifice in the same time if 
the vessel was kept con- 


stantly full. 


meter, 





Before the invention of clocks and 
watches, the flow of water through 
small orifices was applied by the an- 
cients for the measurement of time, 

and an arrangement for this purpose was called a Clepsydra, or water- 
clock. One form of this instrument, shown in Fig. 113, consists of a 


cylin 
woul 
pase jn a 


ga with the float, t 


at the 
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drical vessel filled with water, and furnished with an orifice which 
r , 

d discharge the whole water into a reservoir at the euneuis the 

period of twelve hours. The two figures principle and 


ion 
on the base are supported on a float, rest- construct 


which “Ds of the water- 


Me on the surface of the water in the reservoir, and etee 

Pe with it. One of the figures holds a wand, which 

: divided scale upon the column; and, as the figure is. raised 
he wand points to the successive hour-lines. 


risin 
oints to a 


984. The force of currents, whether in pipes, 


or rivers, is more or less resisted, How is the 


canals, velocity of 


nd their velocity retarded, by the friction water in 
- ipes an 
which takes place between those surfaces tee 


of the liquid and the solid which are in retarded? 


contact. 

This explains a fact which may be observed in all re rig ae 
__that the velocity of a stream is always greater th. velocity 
center than near the bank, and the velocity at the greatest? 
surface is greater than the velocity at the bottom. 


rivers, 


28s. If a given quantity of liquid must pass 


through pipes or channels of unequal jy achannel 


: ° : : 5 of unequal 
section in the same time, Its velocity will Seon Bow 


. ion dimin- will the 
increase as the transverse sectio eee oti 


‘ninish as the area of the current be 
ishes, and diminis! affected ? 


section increases. 


of 
This fact is familiar to every one who observes the course 
wherever the bed contracts, the current becomes 


brooks or rivers: 
if it widens, the stream becomes more 


rapid, and on the contrary, 
os very slight declivity is sufficient to give Bea See 
motion to running water. Three inches to a mile in a ficient to give 
smooth, straight channel, gives a velocity of about three proton to 
miles per hour. The velocity of rivers is extremely ae : 
variable; the slower class moving from two to three 


miles per hour, or three or four feet per second, and the more rapid 


as much as six feet per second. 






































































































































































































































































































































































































































































































































































































































156 NATURAL PHILOSOPHY, 


287. When one portion of a liquid is dis 
the disturbance (in consequence 
freedom with which the particle 
liquid move upon each other) is 
nicated to all the other portions, ang 

wave is formed. This wave propagates itself inte 
the unmoved spaces adjoining, continually enlar. 


ging as it goes, and forming a series of undula 
tions. 
9 


How are 
waves upon 
liquid 
surfaces 
formed ? 


S of 


J? 288: Ordinary Sca-waves are caused by the Wind 
Whatisthe Pressing unequally upon the surface of 
origin of sea- the water, depressing one part more th 


waves? : 
another: every depression causes a C 
responding elevation. 


an 
Or- 


When the water is of sufficient depth, waves have only a vertical] 
motion, i.e., up and down. 
Desereen, e : Fe p wn. Any floating body, as a 
Ae arate y, Hoating on a wave, is merely elevated and de- 
wave actu- pressed alternately: it does not otherwise change its 
aa eee place. The apparent advance of waves in deep water 
1t Sta- G : 
onanee Is an ocular deception: the same as when a cork. 
Screw 1s turned round, the thread, or spiral, appears 
to move forward. 
Corresponding parts of the waves are called ke phases. The dis. 
tance between like phases, or from crest to cres 
depression, is called an entire phase, or a wave-length. 
289. When two systems of waves, coming from different centers, 
ian meet, Some curious effects are produced. If like phases 
atetietenee> in both systems coincide, or if the crests of one system 
coincide with the crests in the other, the resulting wave 
will be equal to the sum of the two originals. But, if the crest of one 
System coincides with the depression of the other, the new wave will 
be equal to the difference of the two originals. Hence, as like or 
unlike phases coincide, the waves will be strengthened, lessened, or 
even obliterated. This phenomenon is called the interference of waves, 


The principle involved will be employed in discussing sound and 
light. 


turbeg @ 
of the | 


CcCOommy. ¥ 


t, or depression to - 


a 
Y 


r> 


_ ‘ gubstanc 
4 to the surface, 


D or retards ¢ 
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A wave is a form, not a thing: the form advances, but not the 
ny . 
of the wave. When, however, a rock rises Why do 
i or the shore by its shallowness preventS waves 


ees aves form- always break 
he oscillations of the water, the w against the 


ater are not balanced by the shorter undu- aes 


hey consequently move 

a 2 Fe iden oats it is that waves always break 
peers, oe re, no matter in what direction the wind blows. 
: ee choc runs out very shallow for a great distance, the 
oS istinguis name of surf. 
mi 00 eee the waves have been observed to 
a ight of About forty-three feet above the hollow occupied by 

Fatal distance between the crests of two large Hee 
a Fe adred and fifty-nine feet, which distance was passed by 
Vv 


ye in about seventeen seconds of time. 
wa 


in deep WwW 


ag 
brea 


rise to 


( 201. ache resistance which a liquid Op- How does 


the resist- 


solid body moving through it ance ofa 


Oe -* liquid toa 
solid moving 


the body. 
varies with the form of y slid mov 


The resistance which a plane surface meets with vary? 
quid, in a direction perpendicular a 

its plane, is, in general, proportioned to the square of its ve ° , 4 
P 2 ie surface of a solid moved against a liquid be presente 


p irecti its motion 

obliquely with respect to the direction of i - ae enue sues 
d of perpendicularly, the resistance will be mo pee nneen 
pee +mI1N]I i £ li uid displaced oblique sur- 
fied and diminished; the quantity of liq ne SEE a 
will be less; and the surface, acting as a wedge, Ors Ae sunee 
clined plane, will possess a mechanical advantage, Sea aliquid? 
in displacing the liquid it pushes it aside, instead o 

riving it forward. | 7 
: rik determination of the particular form which should is Nat 
a mass of matter, in order that it may move through a liquid wl 


eee é 
least resistance, is a problem of great complexity and celebrity in th 


improvements in navigation and naval architecture. ee 
‘nvolved in this problem require that the length of a vesse 


irecti ion 1 ‘ted to it; and they also 
i ection of the motion imparted ; 
a ee e surfaces beneath the 


d are not intended to 


while it moves in a li 


coincid Nee 
determine the shape of the prow and 0 
water. Boats which navigate still waters, an 






























































































































































































































































































































































































































































































































































































































































158 NATURAL PHILOSOPHY. 


carry a great amount of freight, are so constructed that the part 
of the bottom immersed moves against the liquid at a very oblique 
angle. | 

Vessels built for speed should have the greatest possible length 
with merely the breadth necessary to stow the requisite cargo. : 

The form and structure of the bodies of fishes in general are 
as to enable them to move through the water with the least + 
ance. : 

292. In the paddles of steamboats, that one is only complete] 
ee effectual in propelling the vessel which is vertical in the 
the paddles | Water, because upon that one alone does the resistance 
ofasteam- of the water act at right angles, or to the best advan- 
boat most tage. In the propulsion of steamboats it is found that 
effective ? : : . 

paddle-wheels of a given diameter act with the greatest 
effect when their immersion does not exceed the width, or depth, of 
the lowest paddle-board; their effect also increases with the diameter 
of the wheel. | 

The amount of power lost by the use of the paddle-wheel as a 
Isthe paddle. Means of propelling vessels is very great, since, in addi. 
wheel an ad- tion to the fact that only the paddle which is vertical in 
vantageous = the water is fully effective, the series of paddles in de- 
method of Murti 3 
Seine scending into the water are obliged to exert a downward 
power for pressure, which is not available for propulsion, and, in 
propelling ascending, to lift a considerable weight of water that 
MGS diate opposes the ascent, and adheres to the paddles. The 
rolling of the vessel, also, renders it impossible to maintain the paddles 
at the requisite degree of immersion necessary to give them their 
greatest efficiency; one wheel on one side being occasionally immersed 
too deeply, while the other wheel, on the other side, may be lifted 
entirely out of water. 

293. To remedy in some degree these causes of inefficiency and 
; waste, the submerged propelling-wheel, known as the 
Describe the : 
construction %¢”@w-propeller, is employed. The Screw-propeller con- 
and action of sists of a wheel resembling in its form the threads of a 
thescrew- = screw, and rotating on an axle. It is placed in the 
propeller: stern of the vessel, below the water-line, immediately in 
front of the rudder. Fig. 114 represents one form of the screw- 


propeller, and its location in reference to the other parts of the 
vessel. 


Such 
esist. 


The manner in which the screw-propeller acts in impelling the 


“ 
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ard may be understood by supposing the ee = 
and the water surrounding it a solid subs i y 
1 one direction or the other, it would move t ee 
the vessel with it, and the space through which 1 


yessel forw 
ordinary screw, an 
qurning the screw lI 
the water, carrying 
d move In each 


id bo ==> SSS 























woul 
revolution wou 
equal to the distance 
petween two contigu- 
ous threads of the 
screw: Ime fact, the 
water would act as a 
fixed nut, in which 
the screw would turn. 
But the water, al- 
though not fixed in 
its position, as a solid 
nut, yet offers a con- 


‘Jarable resistance ivin 
Phe motion of the screw-wheel; and as the; wid: UMS acUue 
to 


E 
he water backward, the re-action of the water gives a propulsion t 
tne 


i i ion, or forward. 
the vessel in a contrary direction, PTE calc 
The great advantage of the screw-propeller 1s, opened 
‘ts action on the water will be the same, no matter to poe crane 
es t degree it may be immersed in it, or how the screw-pro- 
wha 


G ater may peller over 
position of the vessel on the surface of the w y eee 


wheel ? 
a a aa application of the force of ee - ee 
for impelling machinery is most extensive an ie : 
method of applying this force as a mechanica - sn What is the 
by means of wheels, which are caused to aes °y = simplest 
ight, or pressure, of the water applied to t eu cl met od of 
we BS can These wheels are mounted upon shaits, pee er 
ae which are in turn connected with the machinery pawere 


to which motion is to be imparted. 


SSS es 





The simplest 


Into how 
295. The water-wheels at present most Into 


many classes 


generally used may be divided into four are water 


classes, —the Undershot, the Overshot, the Giviaea? 
Breast-Wheel, and the Turbine Wheel. 













































































































































































































































































































































































































































































160 NATURAL PHILOSOPHY, 


296. The undershot wheel consists of a wheel, on the circumference 
Beet of which are fixed a number of flat boards called « floate 
construction %¢7d5,” at equal distances from each other.  t is 
ofanunder- placed in such a position that its lower floats are im- 
enetwhecl- immersed in a running stream, and is set in motion by the 
impact of the water on the boards as they successively dip into it. 4 

wheel of this kind will revolve in any 
stream which furnishes a current of 
sufficient power. Fig. 115 represents 
the construction of the undershot 
wheel. 

This form of wheel is usually placed 
in a “race-way,’ or narrow passage, 
in such a manner as to receive the 
full force of a current issuing from 
the bottom of a dam, and Striking 
against the float-boards. And it is im- 
portant to remember that the moving 

power ic the same, whether water falls downward from the top of a 
dam to a lower level, or whether it issues from an opening made 
diectly at the lower level. This will be obvious, if it is considered 
that the force with which water issues from an opening made at any 
point in the dam will be equal to that which it would acquire in falling 
from the surface or level of the water in the dam down to the same point. 
What pro- The undershot wheel is a most disadvantageous 
Bontion of method of applying the power of water, not more than 


power is lost 
by the under- twenty-five per cent of the moving power of the water 


shot wheel? being rendered available by it. 

297. In the overshot wheel, the water is received into cavities or cells, 
called “ buckets,” formed in the circum- 
Describe the icrence of the wheel, and ND < 
construction SO Shaped as to retain as \ 
of the over- much of the water as pos- 
ce Reel sila until they arrive at 
the lowest part of the wheel, where they 
empty themselves. The buckets then 
ascend empty on the other side of the 
wheel, to be filled as before. The 
wheel is moved by the weight of the 
water contained in the buckets on the descending side. Fig. 116 rep- 
vesents an overshot wheel. 


ea) 














HYDRAULICS. . / 101 


The overshot wheel is one of the most effective ee te o 
water-wheels, and receives its name from Por oi the. 
circumstance that the water shoots over it. It power is 

all in the stream, rather higher than its own utilized by 
Wheels of this kind, when well constructed, eae 
lize nearly three-fourths of the moving force of the 


varieties of 
the 
requires af 
diameter. 

uti 


ie ° e ° ° 
os The breast-wheel may be considered as a variety intermediate 


petween the overshot Describe the 
and the un dershot construction 


Be eels. In this the ot eee eee 
water, instead of falling 
on the wheel from above, or passing 
entirely beneath it, is delivered just 
pelow the level of the axis. The race- 
way, or passage for the water to de- 
scend upon the side of the wheel, is 
puilt in a circular form, to fit the cir- 
cumference of the. wheel; and the 
water thus inclosed acts partially by oe 
its weight, and partially by its eee or momentum. Fig. 117 rep 

reast-wheel, with its circular race-way. ak: 
eam ee hc: when well constructed, will utilize about sixty-five 
per cent of the moving power of the water. It is more efficient than 
the undershot wheel, but less than the overshot. It is therefore only 
used where the fall happens to be particularly adapted HOE ; 

299. The fourth class of water-wheels, the “turbine,” or Rue 
bine,” is a wheel of modern invention, and is the most powerful an 
ical of all water-engines. 

Bere orincipies of the construction and action of the turbine wheel 
may be best understood by a previous examination Of Teepe the 
the construction of another water-engine known as copa (a 
“ Barker’s mill.” (See Fig. 118.) This consists of an e ao 
upright tube or cylinder, furnished with a smaller cross- 
tube at the bottom, and enlarged into a funnel at the top. The who le 
cylinder is so supported upon pivots at the top and bottom, that it 
revolves freely about a vertical axis. It is evident, if there are ae | 
openings in the ends of the cross-tubes, and the whole is filled Me 
water, that the entire arrangement will be simply that of a close vessel. 
filled with water, without any tendency to motion. If, however, the 


séuattseates 
rey 































































































































































































162 NATURAL PHILOSOPHY, 


ends of the arms, or cross-tube, have openings on the sides, Opposite 
to one another, as is represented in the figure, the sides of the tube on 
which the openings are will 
be relieved from the pressure 
of the column of water in the 
upright tube by the Water 
flowing out, while the pregg. 
ure on the sides opposite to 
them, which have no open. 
ings, will remain the same. 
The machine, therefore, wij] 
revolve in the direction of 
the greater pressure; that 
is, in a direction contrary to 
that of the jets of water, 
A supply of water poured 
into the funnel-head keeps 
the cylinder full, and the 


22 ii AT RA 
Cost 


pressure of the column of. 


water constant. 

The action of this ma- 
chine may also be explained 
according to another view: 
The pressure of the column 
of water in the upright tube 

_| will cause the water to be 
Z ==/e-==/ projected in jets from the 
— (= =/- Openings at the ends of the 


=A — = ae == arms in opposite directions, 

Sees z The water discharged’ re- 
ae, acts upon the tube, upon the 
same principle as the dis- 
charge of a gun produces a recoil (‘‘kick back ”), and causes the tube 


to revolve upon its vertical axis. 





Fie. 238, 
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corresponding in position to the upright cylinder es 
%c mill. The water descending in the tube diverges fore the 
; Oe ry direction, through’ curved water-channels, or compart- 
. ee formed in the horizontal cylinder, and escapes at the 
ference. Baroond the fixed horizontal cylinder, a horizontal 
a the form of a ring or circle, is fitted, with its rim formed 
yee ne Be nts exactly similar to the compartments of the fixed ; 
me? aad ith the exception that their sides curve in an opposite 
a . “ae water issuing from the guide-curves B strikes against 
be vcd compartments of the wheel C D, and causes it to revolve. 
ee i by attachments beneath the fixed cylinder A, is connected 
a ae on passes up through the fixed and upright cylinder, 


nd by which motion is imparted to machinery. : 
a 


tube oF cylinder, 


cente 
ments, A an 


Fic. 120. 


The turbine wheel may be used to advantage with a fall of water of 
height, and will utilize more of the force of the MOVIN S oe eee ape 
power than any other wheel, amounting in some Instances, efficiency of 


any 


the turbine 


5 y d of 
as at the cotton-factories at Lowell, Mass., to upwar we eh 


water. 
ninety-five per cent of the whole force of the 


























a ee ee 


300. It may appear strange to those unacquainted with the action 


i 1 ower existing Is it possible 
of hydraulic engines, that so much of the p g ee ee 


in the agent we use for producing motion, ee en a water-_ 
water, should be lost, amounting In the unders pe ee ales) write 
to seventy-five per cent of the whole power. 1 nis wil ae 
due partially to the friction of the water against the Sones 

and to.the friction of the jyaijable? 


The turbine wheel derives its motion, like the Barker’s mill, from 
Describe the [he action of the pressure of a column of water. F ig. 
construction 120 shows the outward appearance of the wheel, and 
and action of Fig, 119 a section of the wheel and outer casing. It 
eens consists of a fixed horizontal cylinder, A, Fig. 120, in 

the center of which the water enters from an upright 











- te 


Seed 
—s 








ain 


surfaces upon which it flows, 
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ore ae 
en he ee the water in order to convey it to the m 
when it first strikes 7 : nee ot cleciy nubian ns water undergo : 
a. € wheels ; and, more than all, from the fae 
Wie ces with mount of force is left unemployed in the . 
a ee a greater or less velocity from every variet er 
y be considered as practically impossible to conta 


any form of water-engi . é he 
gine which will . 
of water. utilize the whole force of a current 


Ol. 
ae Ma one of the most abundant substances j; 
ate ee necessity of life, is not always found in aa 
eee : 1s desirable to use it. Mechanical Sreainpenite 
2 ; pte to raise water from a lower to a higher level, h : 
en among the earliest inventions of every country. -_ 


302. The application of the lever, in the form of 


Wh the d fa hi n Ww t 
As aE ere ol -TaSnlo ed ell-sweep (s ill used in 
s many pat ts of t is O y oh 


eit out Eastern Asia), of the pulley and rope 


water? and the wheel and axle in the form of the 


windlass, were undoubtedly the earliest mechanical 
contrivances for raising water. (Fig. 121.) 


The screw of Archimedes, invented by the philosopher’ whose 


Describethe ame it bears, i : 
: » IS a contrivance specs 
Archimedes _ raising water. of great antiquity, for 


This machine, represented in Fig. 122, consists of a 


tub 


HYDRAULICS. 


« wound in a Spiral form about a solid cylinder, A B, which is 
made to revolve by turning the . 
pandle H. This ‘cylinder is 

Jaced at a certain inclination, 


Sith its lower extremity resting 


in the water. As the cylinder 

s, made to revolve, the end of 

the tube dips into the water, 

and a certain portion enters the 

orificea. By continuing the rev- 

olution of the cylinder, the water 

flows down a series of inclined 

planes, or to the under side of 

the tube; and, if the inclination __ Fic. 322. 

of the tube be not too great, the 

water will finally flow out at the upper orifice into a proper receptacle. 
303. The common suction-pump is a later discovery than the screw 

of Archimedes, and is supposed to have been invented) 775 asa. 

by Ctesibius, an. Athenian engineer who lived at Alexan- the common 

dria, in Egypt, about the middle of the second century Pump 

pefore the Christian era.* ipventet 
304. The chain-pump consi 

of which is immersed in a well or reservoir, and the Hic auethe 

upper part enters the bottom of a cistern into which construction 

the water is to be raised. An endless chain is carried of the chain- 

yound a wheel at the top, and is farniahed at equaladis. “aoe 

tances with flat disks, or plates, which fit tightly in the tube. As the 

wheel revolves, they successively enter the tube, and carry the water. 

up before them, which is discharged into the cistern at the top of the 

tube. The machine may be set in motion by a crank attached to the 


sts of a tube, or cylinder, the lower part 


upper wheel. 
Fig. 123 represents the construction and arrangement of the chain- 


pump. : 
The chain-pump will act with its greatest effect when the cylinder 
in which the plates and chain move can be placed in an In what situ- 
inclined position, instead of vertically. It is used gen- pes is this 
erally on board of ships and in situations where the casey 


height through which the water is to be elevated is not used? 


and other machines for raising water which depend upon the 


* The suction-pump, 
are described under the head of Pneumatics. 


pressure of the atmosphere, 











































































































































































































































































































































































































































































































166 NATURAL PHILOSOPHY, 


very great, as in cases where’ the foundations of docks, &c 


drained. 


This machine is not, however, used exclusively for raising 


Zaz 
ATER 


iin ndtin in 


S = = A= 


SAU 
“all a i ym 
ain hi pin 
- oe il S A 
Mh i NX Z aS ey i = ; 
STU i\S .———— 
f:;. WS SS 
i 
“ull COC UT 
Fic. 123. 


Water, 


Its application, in principle, may . 


be seen in any grist. 
For what 
i 
Bene mill, where it con- 


poses than veys the flour dis. 
raising water charged from the 
sae ee stones, to an upper 

part of the building, 
where it is bolted. Machines 
(dredging) for elevating mud from 
the bottom of rivers, and grain- 
elevators for lifting grain from ves. 
sels into warehouses, are construct- 


-ed on the same principle. 


9) : 

305. The Hydraulic Ram 
es 2c! machine 
hydraulic constructed to 
ram? a 

raise water by 
taking advantage of the 
impulse, or momentum, of 
a current of water sud- 
denly stopped in its course, 
and made to act in another 
direction. 


The simplest construction of the hydraulic ram is represented in 


Describe the 


Fig. 124, and its operation is as follows: At the end of 
construction 2 Pipe, B, connected with a spring or reservoir, A 


? 


of the somewhat elevated, from which a supply of water is de- 


hydraulic 
ram. 


rived, is a valve, E, of such weight as just. to fall when 


the water is quiet or still within the pipe; this pipe is 
connected with an air-chamber, D, from which the main pipe F leads; 
this air-chamber is provided with a valve opening upward, as sHban 
in the cut. Suppose now, the water being still within the tube, the 
valve E to open by its own weight: immediately the stream begins to 


HYDRAULICS. 


the water flowing through B soon acquires a momentum, or 
ficient to raise the 
against its seat. 
being thus sud- 


ce, su 
valve © UP 


he wa ater, 
oe arrested in its passage, 


uld by its momentum 
wo 

purst the pipe, were it not 
for the other valve in the 
gir-chamber D, which is 
d upward, and allows 


resse 
to. escape into the 


the water C; COP z 
air- chamber D. The air Fic. 124. 


yer D 
ct yntained i in the chaml 

y n influx Oo (S water, but, immediately re- 
is condensed b the sudde f th 


a portion of the water up into 
acting by means of its elasticity, forces a ] 


e tube F. 
th As soon as the water in the pipe B is brought to a state of rest, 


—“4 ae AANA UL, 
Ze TMNT HAMM (AM Athn cn i 
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Fic. 125. 


r 
ie valve of the air-chamber closes, and the valve E falls down, z 
opens: again the stream commences running, and soon acquir 







































































































































































































































































































































































































































































































































































168 NATURAL PHILOSOPHY. 


sufficient force to shut the valve E; a new portion is th 
momentum of the stream, urged into the air- ee the 
F; and, by a continuance of this action 
elevated in the pipe F. 


Fig. 1 
g- 125 represents a more improved construction of the ra 


chamber and up the pi 
water will be continually 


m, in 


which by the use of two air-chambers, C and F, the force of t} ; 
9 1€ ma- 


pHing | , 
= a S Se A represents the main pipe, B the sa 
A eee nes ee G the pipe in which it is elevated, - 
ACN Agana i uces a kind of intermitting motion from th 
By ike omni reflux of the Stream, accompanied with a: no} e 
ock, its action has been compared to -: 
f ae : a hence the name of the machine. 
will be seen from these details, that a very insigni 
‘colum : ahs bea ing city , y insignificant pressj 
ee, Sea in the supply-pipe, is capable of forcing 
Bae he-opiaitiea ws Ck great height, so that a sufficient.fall of water 
Paice a ec any Ons brook, by damming up its upper end 
the stream until a and Eben. carrying the pipe down the channel of 
ore nil a su cient fall is obtained. A considerable length 
ing pipe is desirable to insure the action of the stream: Sea 
: t- 


the butting of 


CHAPTER IX. 


PNEUMATICS. 


06. Pneumatics is that department of physical 
nce which treats of the motion and seine 


z) 


scle 
and other aériform of science of 


pressure of air,” 
pneumatics ? 
gaseous substances. 


307. The atmosphere is a thin, transparent fluid, 
or aériform substance, surrounding the whatis the 
earth to a considerable height above its atmosphere? 
surface, and which by its peculiar constitution sup- 


ports and nourishes all forms of animal or vegetable 


life. 


* Atmospheric air is composed of oxygen and nitrogen mixed togeth 
proportion of seventy-seven parts of nitrogen and twenty-three of oxygen, or about 
three-fourths nitrogen to one-fourth oxygen. These two gases existing in the atmos- 


not chemically combined with each other, but merely mixed. : 
s in the air, at all places, carbonic acid 


d sometimes also the odoriferous matter 


er in the 


phere are 
Beside these two ingredients there are alway 


gas and watery vapor, in variable proportions, an 
of flowers, and other volatile substances. 
The air in all regions of the earth, and at 


‘tion, so far as regards the proportions of oxy 
whether it be collected on the top of high mountains, over marshes, or over 


all elevations, never varies in composi- 
gen and nitrogen which it contains, no 


matter 


deserts. 
It is a wonderful principle, or law of nature, 


weights, or specific gravities, are mixed together, 
fluids of different densities do, but diffuse themselves uniformly throughout the whole 
-space which both occupy. It is therefore by this law, that a vapor, arising by its own 
elasticity from a volatile substance, is caused to extend its influence, and mingle with 
the surrounding atmosphere, until its effects become so enfeebled by dilution as to be 
imperceptible to the senses. Thus we are enabled to enjoy and perceive at a distance 
the odor of a flower-garden, or a perfume which has been exposed in an apartment. 


that when two gases of different 
‘they can not remain separate, as 






























































































































































































































































172 NATURAL PHILOSOPHY, 


Has air 312. Air, as well as all other ease 
: vapors, possesses weight. : 


The weight of air ma 
y be shown by first weighir 
e e 5 e : a 
filled with air; then exhausting the air from Me b ia 
pump, and weighing agai aT ie 
aaa ! g again. he difference between the t 
aR t € eee of the air contained in the vessel = 
e weight of one hundred ic i ir ie 
ete cubic inches. of air is about ¢ 
The questio a 
q n, therefore, naturally occurs in this connection 
What limits 2!" €xPands unlimitedly when unrestricted wh 
the atmos- not our atmosphere leave the earth, and diffu ye 


phere to the é ; 
eer throughout space indefinitely? This it would 


se itself 


air, it must be remembered, possess weight, and by gravitya 
rahe ceneof tear Th ty ofan cna 
Peer heuiese es s surface is opposed by the mutual repulil 
ees seesie ag e ee of air. These two forces counterbalanil 
will separate Sat done: cre will therefore expand ; that is, its partici! 
Sa a ph ee another, until the repulsive force is diminj shel 
gy elit ihe cane og tolhe bice 9 ace a 
when no further expansion can take See ee ects a 

€ Con- 


in i eyey : 

ee equilibrium, under the influence of two opposite forces: yj 

ea own ee tending to carry them downward, and the a a 
sion of the particles, which consti ’ utual 

: 2 nstitute syne ° 

ing to drive them upward. s the elasticity of air, tend. 


313. The density of the air, or the quantity con- 
What law tained in a given bulk, or unit 
densityofthe Of volume, decreases with the 
atmosphere? altitude, or height above the 


surface of the earth, 
This is owing to the diminished pressure of the 


ang 


© Vesge] 
an air. 4 
Weights ~ 


Viz, Tf 


~ 


hirty -One : | 


it not for the action of gravitation. The particle a 
S of a 


- adual diminutio 


| causet 
ss Generally, 
F panded to a gree 


‘9 surface e) 

a kno 
ume of space which air occuple 

Mariotte’s 


" js inversely a 


~ creased ina. t 
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n in the density of the atmosphere in proportion to 


t When is air 


Bis att. -is said to be rarefied when i 
ag Air 18 Sal o be rarened wnen 1 eS atoibe 


314. 
1 to expand, and occupy a greater rarefied? 


when we speak of rarefied air, we mean air that is ex- 
ter degree, or is thinner, than the air at the immediate 


£ the earth. 
he great law governin 
ts discoverer as “ Mariotte’s law, 


315 T g the compressibility of air, which is 
wn from 1 ” may be stated as 
The vol gs What is 
s the pressure upon it. law ? 

Tf the compressing force be doubled, the air which is compressed 
e-half of the space: if the compressing force be in- 
hreefold proportion, it will occupy one-third the space ; 
one-fourth the space, and so on. 

tion between the compressibility of air, and its elasticity 
also obeys a certain law, which may thus be expressed :— 


will occupy on 


if fourfold, 
The rela 
and density, 
316, The density and elasticity of air what rela- 
: 1 tion exists 
are directly as the force of compression. jen en the 
: : : aan A : compressi- 
: This relation is clearly exhibited by the following puicuciais 
table : — and its elas- 
With the same amount of air, occupying the space of ticity and 
. yes ie bean beeen Wane Uf density ? 
: I, g) 39 4) 5» 6? 100? : 
the elasticity and density will be I, 2, 3, 4; 5, 6, 100. 





fe 


Hence, by compressing air into a very small space, by means of a 



























































aratus can increase its elastic force to 
P ae What are 


proper ap 
such an extent as to apply it for the production of very jllustrations 
of the elastic 


powerful effects. The well-known toy, the pop-gun, is 
an example of the application of this power. The space force of air? 
A of a hollow cylinder, Fig. 127, is inclosed by the stopper /, at one 


alr, and the decreasing force of gravity. Those 
tions directly incumbent upon the earth are ne 
dense, because they bear the weight of the ae 
oe cumbent portions. (See Fig. 126.) This idea ma 
yed by the gradual shading of the figure, which indicates tie 
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174 NATURAL’ PHILOSOPHY. 


end, and by the end of the rod S at the other end. This ro bein 


pushed farther into the cylinder, the air contained in the Space A a 


the 3 


compressed until its elastic force becomes so great as to drive out 
stopper # at the other end of the cylinder with great force, accom. 


panied with a report. The air-gun is constructed and operated on a 
similar principle. 


d by the 


Prove and following 
illustrate the © XDpepyj- 
laws of ment: 
Mariotte.: ‘ 


O= 
SoS eee 
Neo} 
o 


bent glass tube, Open 
at its longer extremity 


“I 
o 





shorter. Ifthe Shorter 
end be also open go as 
to allow free commp- 
nication with the air, 
and a quantity of mer. 
cury be poured into 
the tube, the surfaces 
of the mercury: wil] 
stand at the same leve} 
in both legs of the 
tube, and will both sus- 
tain the weight of a 
column of air reaching 
from the surface of the 
_mercury to the ‘top of 
the atmosphere. If, 
| with the mercury in 
4, —_ Se ea this condition, 
=== MMM > 











to 


i 
 E TT 











o 


Tt THI 
—— ee = 








== MMMM aCe, = the opening at 
= = === MI the shorter en@ 
= Coo the tube be 

closed, the ef: 

frexc.t2:0:1, -tihve 

weight of the whole atmosphere above that point is cut off, so that the 





surface in the shorter tube can sustain no pressure arising from the | 


LetAB. 
Fig. 128, be a long, 


and closed at the 


4 weight 2 


. tu 
of the 
in BC 1s Pi 
Beyhole column 
3 were not pes Cas 
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f he atmosphere. Still the level of the mercury eee me 
be remains the same, because the elasticity of the He ee 
cisely equal, and sufficient to balance the weight o : 
of atmosphere pressing upon the surface A. It oe 
e, or if there were no air in B C, then the weight 2 
sphere, pressing upon the surface A of the mercury, wou 
fhe atmo : nto the space BC. The elasticity of air is therefore 
force It UP ortionate to the force, or compression, exerted upon tt. 
directly ee nt that the pressure exerted upon the surface A, Fig. 128, 
a be its amount, is that of a column of air reaching from 
whatever ae the atmosphere, or, as we express it, the weight of one 
+ Oia The amount of this pressure, accurately determined, is 
coe weight, or pressure, which a column of mercury thirty 
equal to Re aa Rai on the same surface. If, then, we pour into 
ae ee, mercury as will raise the surface in the longer os 
i i . ike tube thirty inches above the surface of the mercury In 
og - C. we shall have a pressure on the surface of A equal to 
Saag ies: and, since liquids transmit pressure equally in all 
pw.0 oe... i. pressure will be exerted on the air included in 
oe This will reduce it in volume one-half, or compress it 
ee a Hon ace, and the mercury will rise in the leg B C. This 
e. 4 f Bee icophicre reduces a given quantity of air into one 
ve : lume. In the same manner, if mercury be again poured mito 
Ee ci ihe surface of the column in the longer tube is sixty 
e ave the level of the mercury in B C, then the air in BC will 
a ressed into one-third of its original volume. In the same 
ae Beaid be shown, by continuing these experiments, that the 
Fe soation of the volume of air will always be in the exact Ea 
of the zzcrease of the compressing force, and. its volume can also ee 
increased in exact proportion to UG UE EBA of the a 
force. In fact, this law has been verified by actual vee ) a 
the air has been condensed twenty-seven times, and rarefied one 
ve times. 
“eee that air possesses weight, and consequently exerts 
pressure, was not known until about two hundred years Wasthe 
ago. The ancient philosophers recognized the fact that went ef ‘ait 
air was a substance, or a material thing; and they also ease 
noticed, that, when a solid or’a liquid was removed, the S 
air rushed in, and filled up the space that had been thus eee 
But, when called to give a reason for this phenomenon, they saic 


















































































































































































































































































































































































































































































































































“Nature abhorred an empty space,” or a “vacuum,” 
filled it up with air or some liquid or solid body. 


319. A vacuum is a space devoid. of matter - int 
general, we meal by a vacuum a Space 


Whatisa 


vacuum ? devoid of air. 


No perfect vacuum can be produced artificially ; 
spaces can be deprived of air sufficiently for all exp 
practical purposes. We do not know, moreover, 


spaces between the planets are filled with any material substance, 
If we dip a pail into a pond, and fill it with water, a hole 
is made in the pond as big as the pail; but the moment the 


When we place one end of a straw or tube in the mouth, and the 
Heseiaes other end in a liquid, we can cause the liquid to 4; 
water risein the straw or tube, by sucking it up, as it is called. 
a straw by We, however, do no such thing: we merely draw into 
RuStony the mouth the portion of air confined in the tube, ang 
the pressure of the external air which is exerted on the surface of the 
liquid into which the tube dips, being no longer balanced by the 
elasticity of the air in the tube, forces the liquid up into the mouth, 
If, however, the straw were gradually increased in length, we should 
find that above a certain length we should not be able to raise 


water 
into the mouth at all, no matter how small the tube might be in 


diame- 


ter; or, in other words, if we made the tube thirty-four feet long, we ~ 


should find that no power of suction, even by the most powerful 
machinery instead of the mouth, could raise the water to that height. 
The water rises in the common pump in the same way that it does in 
the straw; but not above a height of thirty-three or thirty-four feet 
above the leve! of the reservoir. . 
320. The reason why water thus rises in a straw or pump remained 
a mystery until explained and demonstrated by Torri- 
celli, a pupil of Galileo. It is clear that the water is 
of water sustained in the tube by some force; and Torricelli 
aes argued, that, whatever it might be, the weight of the 
explained column of water sustained must be the measure of the 
anddemon- power thus manifested: consequently, if another liquid 
epee be used, heavier or lighter, bulk for bulk, than water, 


How was 
_ the ascent 
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aud therefong, 3 


but Confined E 
erimenta] ang 


that any vacuum 
exists in nature, although there is no conclusive evidence that the 


(or vacuum) q 


pail is drawy : 
out the hole is filled up by the water around it. Inthe same Manner air 4 


rushes in, or rather is pressed in by its weight, to fill up an empty space. 


Se ing 


i 


three feet ° 
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: ich liguid. 
same force must sustaix a lesser or greater column o such lig 
é SC 


. 4 phen th 4 much heavier liquid, the column sustained would necessarily 


e 
shorter, and the experiment in every way more eae 
fied his conclusions in the following manner: 11¢ 


4 selected 
: this is thi 


jess, or about thirty inches, of mercury. ‘Torricelli therefore 
times 2 cS 


made the following. 2x- 
seriment, which has 
Bice become memora- 
ple in the history of 
jence :— 
“—e procured a glass 
tube (Fig. 129) more 
than thirty inches long, 
open at one end, and 
closed at the other. 
Filling this tube with 
mercury, and applying 
his finger to the open 
end, so as to prevent 
its escape, he inverted 
it, plunging the end 
into mercury contained 
ina cistern. On re- 
moving the finger, he 
observed that the mer- 
cury in the tube fell, 
but did not fall alto- 
gecher into the cistern; 
it only subsided until 
its surface was at a 
height of about thirty 
inches above the sur- 
face of the mercury in 


the cistern. The result 
was what Torricelli expected, and he soon perceived the true cause 


of the phenomenon. The weight of the atmosphere acting upon the 
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surface of the mercury in the vessel supports the liquid in the tube 
this last being protected from the pressure of the atmosphere by the 
closed end of the tube. . 

321. The fact that the column of mercury in the tube was Sustained 


How was the 
conclusion of 
Torricelli 
further 
verified ? 


the tube were 


by the pressure of the atmosphere was further verified 
by an experiment made by Pascalin France. He argued 
that, if the cause which sustained the column in the 
tube was the weight of the atmosphere acting on the 
external surface of the mercury in the cistern, then if 
transported to the top of a high mountain, where a less 


quantity of atmosphere was above it, the pressure would be less, and 


the length of 
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the column less. The experiment was tried by Carry- 

ing the tube to the top of a mountain in the inte. 
rior of France, and correctly noting the height of 
the column during the ascent. It was noticed that 
the height of the column gradually diminished as 
the elevation to which the instrument was carried 
increased. 

The most simple way of proving that the column 
of mercury contained in the tube, as in Fig. 129, is only 
balanced against the equal weight of a column of air, 
is to take a tube of sufficient length, and, having tied 
over one end a bladder, to fill it up with mercury, 
and invert it ina cup of the same liquid: the mercury 
will now stand at the height of about thirty inches; but 
if with a needle we make a hole in the bladder closing 
the top of the tube, the mercury in the tube immedi: 
ately falls to the level of that in the cup. 

These experiments by Torricelli led to the invention 
How didthe Of the barometer. It was noticed that a 
experiment column of mercury sustained in a tube 
Sa ay by the pressure of the atmosphere, the 
invention of tube being kept in a fixed position, as 
the barome- in Fig. 130, fluctuated from day to day, 
ter? within certain small limits. This effect 
was naturally attributed to the variation in the weight 
or pressure of the incumbent atmosphere, arising from 
various meteorological causes. 


Thus, when the air is moist, or filled with vapors, it is lighter than 
usual, and the column of mercury stands low in the tube; but when 
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the air is dry and free from vapor, it is heavier, and supports a longer 


column of mercury. 


So long as the vapor of water exists in the atmosphere, as a con- 


etituent part of it, it contributes to the atmospheric 
; ressure, and thus a portion of the column of mercury 
in the barometer-tube is sustained by the weight of the 
yapor 3 but when the vapor is condensed, and takes on 
q visible form, as clouds, &c., then it no longer forms a 
uent part of the atmosphere, any more than dust, 


constit Sie 
or a balloon floating in it does, and, the atmos- 


smoke, 


Why should 
the presence 
of condensed 
vapor of 
water in the 
atmosphere 
affect its 
pressure ? 


heric pressure being diminished, the mercury in the tube falls. In 
this way the barometer, by showing variations in the weight of .the 


air, indicates also the changes in the weather. 


22. The space above the mercury in the barometer-tube, Fig. 


i 1 the Zorricellian : 
129, 18 called What is the 


vacuum, and is the nearest ap- sost perfect 
proach to a perfect vacuum that yacnan with 
can be procured by. arts: for, ee aa 
upon pressing the lower end 

deeper in the mercury, the whole tube becomes 
completely filled, the fluid again falling upon 
elevating the tube. It is therefore a perfect 
vacuum, with the exception of a small portion 
of mercurial vapor. 

A very common form of barometer, called — 
the “ wheel-barometer,” consists aera oar 
of a glass tube, bent at the bot- construction 
tom, and filled with mercury. of the wheel- 
(See Fig. 131.) The column of Daremetst 
mercury in the long arm of the tube is sus- 
tained by the pressure of the atmosphere upon 
the surface of the mercury in the shorter arm, 
the end of which is open. A small float of 
iron or glass rests upon the mercury in the 
shorter arm of the tube, and is suspended by 
a slender thread, which is passed round a 
wheel carrying an index, or pointer. As the 


level of the mercury is altered by a variation of the pressure of the 
atmosphere, the float resting upon the open surface is raised or lowered 
in the tube, moving the index over a dial-plate, upon which the vari- 


ous changes of the weather are lettered. 
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Fig. 131 represents the internal structure of the wheel-barometer, ang 
Fig. 132 its external appearance, or casing, with a thermometer attached 
A very curious barometer, called the 
gay Describe the “ @erord barometer,” has been 
Paap aneroid invented and brought into use 
(Gi S WE }} barometer. within the last few years 
| Fig. 133 represents its appearance and con 

\ struction. Its action is dependent on the 

effect produced by atmospheric pressure on 
a metal box from which the air has been 
exhausted. In the interior of the box js q 
circular spring of metal, fastened at one ex. 
tremity to the sides of the box, and attached 
at the other extremity by a suitable arrange. 
ment to a pointer, which moves over a dia]- 
plate, or scale. The interior of the box 
being deprived of air, the atmospheric press- 
ure upon the external surfaces of the metal 
sides is very great; and, as the pressure 
varies, these surfaces will be elevated and 
depressed to a slight degree. This motion 
is communi- 
cated to the 
spring in the 
interior, and 
from thence 
to the point- 
er, which, hi / ES. 
moving up- y, 
on the dial, 
thus indi- 
cates the 

changes in the weather, or the variation 

in the pressure of the atmosphere. 

Water, or some other liquid than 
Whataretie cTcury, may be used 
peculiarities for filling the tube of a 
of the water- barometer. But, as wa- 
barometer? tar is thirteen and one-half times lighter than mercury, 
the height of the column in the water-barometer supported by atmos- 


SZ 


\ 
2 
“ay 
sat 4 4 Ni 


Sey 


/ 
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ire will be thirteen and one-half times greater than that 
© mercury, or about thirty-four feet high; and a change which would 
Y a variation of a tenth of an inch in a column of mercury 
Be coauce a variation of an inch and a third in the column of 
peo lee water-barometer is rarely used, for various reasons, one 
that a barometer thirty-four feet high is unwieldy and 


pheric presst 


water f 
of which 1s, 
ficult to transport. =o 
323 The ordinary use of the barometer on land as a weather-indi- 
imi in. been 
cator 1S extremely limited and uncertain. It has b tea een 
already stated that the weight of one hundred cubic weer the 
snches of air is about thirty-one grains. To obtain this petonete! as 
one 2 : a weather- 
result, it is necessary that the experiment should be Saeco 
performed at the level of the sea, and it is also requisite 
that the temperature of the air should be about sixty degrees Fahren- 


heit’s thermometer, and that the height of the column of mercury in 


di 


the barometer-tube should be thirty inches. As these conditions vary, 


the weight or pressure of the atmosphere, and consequently the height 
of the mercury in the barometer-tube, must also vary. Especially will 
the height of the mercurial column vary with every change in the 
position of the instrument as regards its elevation above the level of 
‘the sea. A barometer at the base of a lofty tower will be higher at 
the same moment than one at the top of the tower; and consequently 
two such barometers would indicate different coming changes in the 
weather, though absolutely situated in the same place. N o correct 
judgment, therefore, can be formed relative to the density of the 
atmosphere as affecting the state of the weather, without reference to 
the situation of the instrument at the time of making the observation. 
Consequently no attention ought to be paid to the words “/fazr, rai, 
changeable,” &c., frequently engraved on the plate of a barometer, as 


_ they will be found no certain indication of the correspondence between 


‘the heights marked, and the state of the weather. 

The barometer, however, may be generally relied on for furnishing 
an indication of the state of the weather to this extent: 9 wnat 
that a fall of the mercury in the tube shows theapproach extent may 
of foul weather, or a storm; while a rise indicates the aie a 

° er be ré€il 
approach of fair weather. aie 

At sea, the indications of the barometer respecting foretelling 

onsidered, from various cir- changes in 
the weather are generally C ; ; gett ete 
cumstances, more reliable than on land: the great hur- 
ricanes which frequent the tropics are almost always indicated, some 


time before the storm occurs, by a rapid fall of the mercury. 



















































































































































































































































































































































































































































































182 NATURAL PHILOSOPHY. 


324. If a narometer be taken to a point elevated above the 


How may of the earth, the mercury in the tube will fal] - 
the baromee as we ascend above the level of the sea the nie 


ter be used | : 
fale the atmosphere becomes less and less. 


height of 
mountains ? 


depression in the column of mercury. 


325. The absolute height to which the atmosphere 


Whatisthe extends abov 
Wate, e the surface of the earth is 


height of the NOt certainly known. There are good - 
atmosphere? 1 
pnere* reasons, however, for believing that its 


height does not exceed fifty miles. 


This envelope of air is about as thick, in proportion to the wh 
globe, as the liquid layer adhering to an orange after it h "hed 
dipped in water is to the entire mass of the orange. Of ie oa 
bulk of the atmosphere, the zone or layer which surrounds the be 
to the height of nearly two and three-fourths miles from its surf “ee 
supposed to contain one-half. The remaining half, being reliovell . 


————— 
——<—$—$$———____—___ 


__. 
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een ee expands into another zone, or belt, of 
which the Neve iiene the a "a ae Fe are 
thickness of the atmosphere. The oe lites Fide ae _ 
eee ares equal quantities of air, showing le eS 
1a ee e lower layers by the weight of those above them. 

IS about eight hundred and forty times the weight of air 
Whatisthe ‘#ken bulk for bulk; and the weight of the whole ine 
comparative phere enveloping our globe has been estimated to be 


weight of the e ual to aaa 
preetonere> ene the weight of a globe of lead sixty miles in 


SSure of 


In this w 
mining the barometer may be used to determine the heishe a 
of 


mountains, and tables have been) prepared Showin | 
degrees of elevation corresponding to the athou ail 
. of 
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If the whole air were condensed so as to occupy no more space 
e same weight of water, it would extend above the earth to an 


han th 
a € thirty-four feet. 


elevation 0 
326. All aériform or gaseous substances, like 


liquids, transmit pressure in every direc- 5,0. isthe 

¢10n equally ; therefore the atmosphere pressure of 
aeriform 

presses upward, downward, laterally, and substances 


obliquely, with the same force. BeBe 
327. Lhe amount of pressure which the atmos- 
phere exerts at the level of the ocean Whats the 


amount of 


‘s equal to a force of fifteen pounds for pressure ex- 
erted by the 


every square inch of surface. Se er 


The surface of a human body, of average size, meas- What press- 
ures about two thousand square inches. Such a body ure eee 
: tained by 
therefore sustains a pressure from the atmosphere 4. numan 
amounting to thirty thousand pounds, or about fifteen pody? 
tons. 
The reason we are not crushed beneath so enormous a load is 
here presses equally in all directions 
because the atmosp ere presses eq y 1S ayy Greene 
and our bodies are filled with liquids capable of sustain- yo¢ crushed 
ing pressure, Or with air of the same density as the by the press- 
external air; so that the external pressure is met and ure of the 
: ; atmosphere ? 
counterbalanced by the internal resistance. 

If a man or animal were at once relieved of all atmospheric press- 
ure, all the blood and fluids of the body would be forced by expansion 
to the surface, and the vessels would burst. 

Persons who ascend to the summits of very high mountains, or 

is reat elevation in a balloon, have experi- 

OS elit . : é i Oe P £ What effect 
enced the most intense suffering from a diminution OF js experi- 
the atmospheric pressure. The air contained in the enced in ris- 
vessels of the body, being relieved in a degree of the EUR EES 5 
external pressure, expands, causing intense pain in the : 
eyes and ears, and the minute veins of the body to swell and open. 
Travelers, in ascending the high mountains of South America, have 
noticed the blood to gush from the pores of the body, and the skin in 


many places to crack and burst. 


































































































































































































































































































































































































































































































184 NATURAL PHILOSOPHY. 


If the lips be applied to the back of the hand, and the breath drawn 
in SO as to produce a partial vacuum in the mouth, the skin wil] be 


drawn or sucked in, —not from any force resident in the lips or thon 


mouth drawing the skin in, but from the fact that the usual] externa] 
pressure of air is removed, and the pressure from within the Skin js 
allowed to prevail. ; ; 

The sense of oppression and lassitude experienced in summer, 
Wy do we previous to a storm, is caused by a diminished Pressure 
ees) of the atmosphere. ~The external air, in such mstances, 


oppressed becomes greatly rarefied by extreme heat and by 
beforea 
storm ? 


the 
condensation of vapor, and the air inside us (seeking to 


become of the same rarity) produces an oppressive and 
suffocating feeling. . 

328. The direct effects of atmospheric pressure may be illustrate 
Describethe by many practical experiments. If 2 
common piece of moist leather, called a sucker, 
pu et Fig. 135, be placed in close contact with 
any heavy body, such as a stone, or a piece of metal, 
it will adhere to it; and, if a cord be attached to the 
leathery, the stone or metal may be raised by it. The 
effect of the sucker arises from the exclusion of the 
air between the leather and the surface of 
the stone. The weight of the atmosphere 
presses their surfaces together with a force 
amounting to fifteen pounds on every 
square inch of the surface of contact. If 
the sucker could act with full effect, a disk 

an inch square would support a weight of fifteen pounds ; 
two square inches, thirty pounds, &c. The practical ef- 
fect, however, of the sucker, is much less. 

329. For the purpose of exhibiting the effects pro- 
Explainthe duced by the atmosphere in different con- 
principle ditions, and for various practical purposes, 
ee aes instruments have been contrived by which 
exhausting Ur may be removed from the interior. of a 
syringe and vessel, or condensed into a small space to 
ASOT any extent, within certain limits, The first 
of these requirements may be obtained by the use of the 
instruments known as the exhausting syringe and the air-pump. 

The exhausting syringe consists of a hollow cylinder, generally of 


pietal, B 
and having 4 
cates, bY 
calle 


cylinder 
upward, a 
of the cyh 
raising the 
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C, Fig. 136, very truly and smoothly bored upon the ape 
piston moving in it air-tight. This cylinder comm : 
4 screw and pipe at the bottom, with any vessel, oe 
-eceiver, from which it is desirable to withdraw the air. The 
, s a valve at E, opening upward; and at the bottom of the 
ae valve precisely similar is placed, which also opens 
nown at A. Suppose now the piston to be at the bottom 
nder, and the receiver to be in proper connection ; upon 
piston by the handle, D, a vacuum 1s made in the cylinder ; 
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immediately the air in the receiver expands, passes through a vans 
A at the bottom of the cylinder, and fills its interior; upon oe 
ing the piston, the valve E, opening upward, permits the ue to ie : 
through, and the valve A at the bottom of the cylinder, closing; ae 
vents it from passing back into the receiver. Upon again raising . 

piston, a further portion of air expanding from the receiver cuits ; 
interior of the syringe, and, upon depressing the piston, passes ve 
through its valve. It is evident that this operation may be continue 




















































































































































































































































































































































































































































































































































































































186 NATURAL PHILOSOPHY. 


as long as the air within the receiver has elasticit 
open the valves. 
Th i 
. ve Lae of removing air from a vessel or receiver b 
ex ; I i Te 
oe oe Syringe 1s slow and tedious; and more fa 
strum N 
He en ae as airpumps, are generally employed ms 
ose. 
e P e modern form of constructing the air-pump is re Or this 
tl ee The principle of its construction is th presented 
ne exhausti i 
aes ting syringe, the pistons being worked by a lever o } 
. af eee and closing with great nicety and pertecti me 
a es: : lie ion. 
| 33 nen the density of the airis required to be incre 
’ “Whatis the condensing Syringe, the converse of the e 
construction syringe, 1s employed. It consists merely of a 
of the ing syringe at 
Poneea ihe as y a , or alr-pump, reversed, its valves bein 
srinee? ae nged as to force air into a chamber inste ‘ . 
rav 1 rth} 3 
ward in respect t ee out. For this purpose the valves ope a 
be pect to the interior of the cylinder, while in the exh; e 
yringe and air-pump they open outward. me 
Ie iri pr ee 
331. That the air in the inside of vessels is the force Ww 


y sufficient to fom 
@ 


xhaustin P 
1 exhaust. 


an 
What is an d counterbalances the 


experimental Seat pressure of the exter 
proofofthe nal atmosphere, may b 
e 


crushing 
force of the proved al yeine following ex. 


atmosphere? periment: A Strong glass 
2 DES vessel, Fig. 138, is provided 
Bic. 143. oN both at top and bottom, and having 
aa a diameter of four or five inches. U 
BAe eee ae so as to be completely air-tight, Mie a 
the air from Eon eee pele of anairpump. Upon exhausting 
ee e bladder, it will be forced inward by the press- 
1e€ air outside; and, when the exhaustion has been carri 
such an extent that the strength of the bladder is less than th a 
ure, it will burst with a loud report. ieee 
332. The air-pump was invented in the year 1654, by Otto Gueric] 
Whats the - German ; and at a great public exhibition of its a = 
experiment made in the presence of the Emperor of Gein a 
of peers celebrated experiment known as the “ Magdebur ie 
Aa as Spietes "was firstshown. The Magdeburg ee. 
Ste. ee trem the oo) where Guericke resided) consist 
cmispheres of brass, Fig. 139, which fit together ai 
tight. By exhausting the air in their interior, by means a ad ee 


: it will 


ased, the 
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one of the hemispheres, 


and a stop-cock arrangement affixed to 
art without the exertion 


be found that they can not be pulled ap 
of avery great force, since they will be pressed to- 
gether with a force of fifteen pounds for every square 
inch of their surface. In the exhibition above re- 
ferred to, given of these hemispheres by Guericke, 
the surfaces of a pair constructed by him were so 
large that thirty horses, fifteen upon a side, were 
unable to pull them apart. By admitting the air 
again to their interior, the Mag- 
deburg hemispheres fall apart by 
their own weight. 

Another interesting example 
of atmospheric pressure is, to fill 
a wineglass or tumbler with water 
to the brim, and, having placed a 
card over the mouth, to invert it 

: Fic. 140. 

cautiously. If the card be kept 
in a horizontal position, the water will be supported in the glass by 
the pressure of the air against the surface of the card. (See Fig. 140.) 

333. If we take a jar, and, having filled it with water, invert it in a 


Eeservolr 2 tous) Describe the 
as is represented IN principle and 
Fig. 141, it will con- construction 
tinue to be complete- of the 
ly filled with water, gasomecy 
the liquid being sustained in it by 
the pressure of the atmosphere up- 
on the water in the vessel. Such 
an arrangement enables the chemist 
to collect and preserve the various 
gases without admixture with air; 
for if a pipe or tube through which 
a gas is passing be depressed be- 
neath the mouth of the jar, so, that 
the bubbles may rise into it, they 
- will displace the water, and be col- 
lected in the upper part of the jar, aa ee 


free of all adinixture. 
The gasometers, or large cylindrical vessels in which gas i 


pump» 


IG. 139- 


s col- 





















































































































































































































































































































































































































































































































































188 NATURAL PHILOSOPHY. 


lected in gas-works for general distribution, are const 
principle. They consist, as is shown in Fig. 142, ofa large ¢ 
reservoir suspended with its mouth downward, and plunged jr 
of water of somewhat greater diameter. A pipe which leads 
gas-works is carried through the water, and turned upward, 
enter the mouth of the gasometer. The gas, flowing through the 
rises into the gasometer, filling the upper part of 
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the water. Another pipe, descending from the gasometer through 


the water, is continued to the service-pipes which supply the gas, 


The gasometer is balanced by counter-weights supported by chains 
which pass over pulleys; and just such a preponderance is allowed to 
It as is sufficient to give the gas contained in it the compression neces- 
sary to drive it through the pipes to the remotest part of the district 
to be illuminated. 

— 334. A liquid will not flow continuously from a tight cask after it 
ea has been tapped or pierced, unless another opening is 
hot aliquta made as a vent-hole in the upper part of the cask. 
flow froma ‘The cask being air-tight with the exception of a single 
tight cask opening, the surfacé of the liquid in the vessel will be 
Sieaaen aie excluded from the atmospheric pressure, and it can 

only flow out in virtue of its own weight. But, if the 
weight of the liquid be less than the force of the air pressing upon 


Tucted on this 4 
14 Cisterp } 
‘SO as toumm 


’ . . 
OWn 


~ sumed by use, its su 


18 
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t flow from the cask: the 


ne Opening, the liquid can no 


the air is enabled to act through the vent-hole 


( e mouth of tl 
is counterbalanced, 


hat 
t. however, t 
omen oper part of the cask, the pressure below Sine’ by its 
4 A he liquid descends and runs freely through the opening 
the 
and 


weight. irtight, the liquid will not flow 
“ae the lid of a teapot or kettle be air-tight, th 1 ae 


from the spout, on account of the ee es moe 
meely king a small hole in the lid, which allows the 
: died by making 


om without. | eae 
=e pneumatic inkstand (Fig. 143); designed to prevent K 


thickening, by the exposure ofa small surface only Cae 
fromm HC constructed upon the principles of atmos: rinciple and 
EO he as ae By filling the inkstand in an inclined construction 
pens ee exclude the air in great part from the a sate . 
. and, on replacing it In an upright position, the inkstand? 
ae fie prevented from rising in the small tube, and — 
Me aa over, on account of the atmospheric pressure upon the expos 

ow 


ce of the ink in the small tube, which 


surfa ure of the 


‘; much greater than the press . . 
column of liquid in the interior of the ve 

As the ink in the small tube Is con- 

rface will gradually 

fall; a small bubble of air will enter, ae i i = 
rise to the top of the bottle, where it : Ne 
exert an elastic pressure, which causes the rien wae 


; . to 
the: ink in the short tube | nk 
ie higher; and this effect will be repeated until all the in 
rise ’ 


i tle has been used. 
a the peculiar gurgling noise produced w Se 
d from a bottle is produced by the pressure 0 oieaeee 
Rio: ‘e forcing air into the interior of the bottle. bottle gurgle 
ee Bae the neck of the bottle is filled with sca é eae 
aa as to stop the admission of air, Whena part nee ce 
d an empty space is formed within o¢ i¢? 
pressure forces in a bubble eee 
of air through the liquid in the neck, which, pL oe ae 
the interior of the bottle, produces the sound. The bo Lee ae 
long as the neck continues to be choked wit iquid. : 
% Oe ents of the bottle are discharged, the liquid, in flowing oe 
uy deity fills the neck; and, while a stream passes out through 


sel. 


hen liquid is freely 


liquid, so 
has flowed out, an 
the bottle, the atmospheric 
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the lower half of the neck, a stream of air passes in through the u 
part. The flow being now continued and uninterrupted, no s 
takes place. 

336. Water, and most liquids exposed to the air, absorb a greater 
Dees nic or less quantity of it, which is maintained in them 
exist in the pressure of the atmosphere acting on their Surfaces 
Watets Boiled water is flat and insipid, because the agence 
of heat expels the air which the water previously contained. Fishes 
and other marine animals could not live in water deprived of air. The 
amount of air retained by water varies with the pressure of the atmos. 
phere. At an altitude of six thousand or eight thousand feet, owjn 
to the reduced atmospheric pressure, water holds two-thirds less than 
its usual amount of air. Hence, because of an inadequate supply of 
air, fish cannot live in high mountain lakes. 

The presence of air in water may be shown by placing a tumbler 
How tate containing this liquid under the receiver of an air-pump, 
presence of and exhausting the air. The pressure of the air being 
airin water removed from the surface of the water, minute-bubbles 
pe hewn = will’ make their appearance in the whole mass of the 
water, and, rising to the surface, escape. 

The reason that certain bottled liquors froth and sparkle when 
Why do uncorked, and poured into an open vessel, is, that when 
some bottled they are bottled the air confined under the cork is con- 
liquids froth densed, and exerts upon the surface a pressure greater 
and sparkle? than that of the atmosphere. This has the effect of 
holding, in combination with the liquor, air or gas, which, under the 
atmospheric pressure only, would escape. If any air or gas rise from 
the liquor after being bottled, it causes a still greater condensation, 
and an increased pressure above its surface. When the cork is drawn 
from a bottle containing liquor of this kind, the air fixed in the liquid, 
being released from the pressure of the air which was condensed 
under the cork, instantly makes its escape, and, rising in bubbles, 
produces effervescence and. froth. 

It sometimes happens that the united force of the air and gases, 
thus confined in the bottle, becomes greater than thé cohesive strength 
of the particles of matter composing the bottle ; the sides of the bottle 
in such cases give way, or burst. 

Those liquors only froth which are viscid, glutinous, or thick, like 
ale, porter, &c., because they retain the little bubbles of air as they 


rise; while a thin liquor, like champagne, which suffers the bubbles 
to escape readily, sparkles. 


Pper 
ound 


m of preathing- 


for th 
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The pressure of the atmosphere is connected with the action 
The air enters the lungs, not because Yow is the 


w it in, but by the weight of the atmosphere ee 

b] 5 ha 
forcing it into the em pty spaces formed by the expan- siete icon: 
orc 


f the gir-cells of the lungs. The airinturnescapeS jected with 
bie Jungs by means of *ts elasticity; the lungs, by see ee 
. 5 , action, compress the air contained in them, tas: 
muscu : to it by compression a greater elasticity than the air Hee 

iv ue 
a. excess of elasticity it is propelled, and escapes by the mout 
By 

se. : 
eC aa Advantage has been taken of the pressure of the atmosphere 
: e construction of an atmospheric telegraph, or aoe ere 
for conveying the mails and other matter proposed 


i reat rapidity. The plan construction 
distances with g pidity cones 


they dra 


apparatus 


t 
over grea ; : ; : 
js as follows: A long metal tube is laid down, the 1n eeeethic 


‘or surface of which is perfectly smooth and even. telegraph? 
oe is fitted to the tube in such a manner as to ma 

. freely in it, and yet be air-tight. To one side of this piston the 
a to be moved, made up in the form of a cylindrical bundle, is 
weed A partial vacuum is then made in the tube before the 
i. a means of large air-pumps worked by steam-power, located 
Dine ether end of the tube, when the pressure of the atmosphere 
a a other side of the piston impels it forward through the whole 
a a of the exhausted tube. It has been estimated that a piston, 
ee after it a considerable weight of matter, could in ee way be 
forced through a tube at the rate of six hundred miles per hour. a 

339: The pressure of the atmosphere is also taken advantage ° : 
the construction of a great variety of machines for raising water ; the 
most important and familiar of which is the common (or suction) 


pump. 4 


The common (or suction) pump consists of a hol- 
low cylinder, or barrel, open at both ends, Describe the 
in which is worked a movable piston, ofthe com- 
which fits the bore of the cylinder exactly, ae 
and is air-tight. The pump is further provided with 
two valves, one of which is placed in the piston, and 


moves with it, while the other is fixed in the lower 



















































































192 NATURAI. PHILOSOPHY. 
part of the pump-barrel. These valves are termed 
boxes. 


Fig. 144 represents the construction of the common pump. The 
body consists of a cylinder, or barrel, B, the lower part of which 


, @ 
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Fe 
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ter rises in a pump simply and entirely 


o, Wa 
oe pressure of the atmosphere (fifteen wee 
a nds on every square inch) anwhich: esas 
ou 


2 
shes it up into the void or vacuum left PumP 
pu , 




















called the suction-pipe, descends into the water which it is designed ~ 7 a hie updrawn piston. | 
to raise. In the barrel works a piston containing a valve, c, openin . F y | The common (or suction) pump can not raise 


upward. A similar valve, a, is fixed in the body of the pump, at the f height at which 
Motto , ; ? int of nel To what 
top of the suction-pipe. water beyond the BO S rete will 


the column of water in the ee : water tse a 
exactly balanced by the weight O t at- yeaa 
mosphere. ‘The utmost limit of this oes: 28 
not exceed thirty-four feet. but in practice, ae 
to imperfections in the mechanism of the Pa 
length of the tube should not exceed thirty ie oe 

Be tk valve, in general, is a contrivance by W 
water or other fluid, flowing through a What isa 
tube or aperture, is allowed free passage = 
in one direction, but is stopped in the ae S 
structure is such, that, while the pressure of fluid on 
one side has a tendency to close it, the pressuré on 
the other side has a tendency to open it. 
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The operation of the pump in raising water is as follows: When 
the piston is raised from the bottom of the cylinder, the air above it is 







































































































































































































































































































































































drawn up, leaving a vacuum below the piston; the water in the well 
then rushes up through the valve a, and fills the cylinder; the piston 
is then forced down, shutting the valve a, and causing the water to 
rise through the piston-valve c; the piston is then raised, closing its 
valve, and raising the water above it, which flows out of the spout. 


Figs. 145, 146, 147, represent the various forms of valves used in 


umps, water-engines, &c. 
: - When it is desired to raise water to a greater height than 


thirty-four feet, a modification of the pump, called the forcing-pump, 


is employed. 
















































































































































































































































































































































































































































































104 NATURAL PHILOSOPHY. 


The forcing-pump is an apparatus which rai 
What vet water from a reservoir on the pring! a 
sit the suction-pump, and then, b the al 
pump: s £ » by the Press 

Ire 0 the piston on the water, elevates 
to any required height. a: 


is - Ea enta Sinem pane of the construction of the forcj 
Hae fio no valve in the piston B; but the water raised th bS 
lon-pipe A and the valve a, by the elevation of the otra 
forced by ae 
depression of 
the ° piston up 
through the 
pipe D, which 
1S furnished 
with a valve, g 
to prevent the 
return of the 
liquid. 
The flow of 
the water js 





! 


\ 


La = /NW 
\\ d= ASS 
il 


7 il 


i S 


Udilaiaunililayy! 


= SSS SG S 
SS Ht 
H 4 - SSE ‘ 4 . 


j | 
|| 

when, as in a 
fire-engine, an 


air-chamber js 


SQ 
S BK »'t— o_o awrrrxitt  iiF-FPCPF UII SS 


S58 


———— === force- pump at 
SSS ZL = D. The water 
then, instead of 
imme diately 
passing off 
—— \ Niel => through the dis- 
= == charging - pipe, 
partially fills 
and. b ° ; : the air-ves 
eee ks ae cee . the piston in the pump, compresses the - 
ee aa Bee e elasticity of the air thus compressed being 
Geohee x oe. Seon the water, and forces its ascent in the 
& orce pipe. When the air in the chamber is con- 


HNN tts| tz. NV 


MUM, 
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continuous ~ 


added to the ~ 
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it will act upon the surface of 
while, the water in the 
c¢ pressure, there will 


d into half its original bulk, 
with double the atmospheric pressure, 
being subject to only one atmospheri 
tricted force, pressing the water up, equal to one atmos- 
tly a column of water will be sustained or projected 
hoa height of thirty-four feet. When the air is condensed into one- 
third of its bulk, its elastic force will be increased threefold, and it will 
then not only counterbalance the ordinary atmospheric pressure, but 
will force the water upward with a pressure equal to two atmospheres, 
or sixty-eight feet, and so on. The ordinary fire-engine is simply a 
convenient arrangement of two forcing-pumps, furnished with a strong 
air-chamber, and which are worked successively by the elevation and 


depression of two long levers called brakes. 


4. The siphon is an apparatus by which a 


ferred from one vessel whatisa 
e siphon? 


dense 
the water 
force-P!P© 
be an unres 

here: consequen 


34 
jiquid can be trans 


other without inverting or otherwis 
¢ the position of the vessel from which the 


to an 
disturbin 
liquid is to be removed. 


In its simplest form, the siphon con- 
gists of a bent tube, ABC, Fig. 149, 
having one of its branches longer than 
the other. If we immerse the short 
arm in a vessel of water, and by apply- 
ing the mouth to the long arm, as at C, 
exhaust the air in the tube, the water 
will be pressed over by atmospheric 
pressure, and continue to flow so long 
as the end of the lower arm is below Biel aes 
the level of the water in the vessel. 

The explanation of the action of the 
column of liquid in the longer arm, and that reaching IN Ypon what 
the shorter arm from the top of the curve or bend to principle 
the surface of the liquid in the vessel, have both a tend- does the 

ency to obey the attraction of gravity, and fall out of ee ee 
the tube. This tendency is opposed, however, on both sides, by 
atmospheric pressure, acting on one side at the opening C, and upon 


the other upon the surface of the liquid in the vessel; thus preventing, 


in the interior of the tube, the formation of a vacuum, which would 


siphon is as follows: The 






























































































































































































































































































































































































































































































































































196 NATURAL PHILOSOPHY. 
take place at the curve if the two columns ran down on both . 


weight of the long column overbalances the short one, and determines 


seg: 
7 


! 


ie escane Se SE  S 


XY 2 


fi 


the direction of the flow; and, in proportion as the liquid escapes from 
the long arm, a fresh portion is forced into the short arm on the other 
side by the pressure of the air. The siphon is therefore kept full by 


the pressure of the atmos- ~ 


phere, and kept running 
by the irregularity of the 
lengths of the columns in 
its branches. (Fig. 150.) 
The curious phenome- 


Explain the pon of 3 ins 
phenomenon termitting 


of intermit- springs may 
pe Spree = be explained 
upon the principle of the 
siphon. These springs run 
for a time, and then stop altogether, and after a time run again, and 
then stop. If we suppose a reservoir in the interior of a hill or 


° . ide 4 
But, the column on one side being longer than upon the other on ; 
» the 


a It is also u 
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with a siphon-like channel running from it, as in Fig. 151, 
soon as the water collecting in the reservoir rises to the height 
the dotted line, the stream will begin to flow, and con- 
he reservoir is nearly emptied. Again, after an 
h to fill the reservoir to the required height, it will 


"then, 25 
n by : 
flowing till t 

g enoug 


When willa 
body remain 
suspended in 
the air ? 


340. 


7 atmospheric alr, it is pressed upward by When willa 


B the surrounding particles of air, and rises, body rise in 


the air ? 


N §6ypon the same principle as a cork rises 


» from the bottom of a vessel of water. (See § 251.) 


As the density of the air continually diminishes as we ascend from 


the surface of the earth, it is evident that such a body; ie ance 
will finally attain a height where the air point willan 


as it goes UP, : Seah dat such a point ascending 
. . . a 
will have the same density as itself, an body femain 


the body will remain stationary. Upon this principle seauioneer? 


clouds, at different times, float at different degrees of 


elevation. : 
} pon these principles that a€rostation, or the art of navl- 


gating the air, depends. | 
347. Balloons are machines which ascend through 
the atmosphere, and float at a certain whatare 
height, in virtue of being filled with a gas balloouss 
or air lighter than the same bulk of atmospheric alr. 
Balloons are of two kinds: Montgolfier, or rarefied- | 
air balloons, and Hydrogen Gas balloons. She eine 
The first are filled with common air rare- ta varieties 
fied by heat, and thus made lighter than eee 
the surrounding atmosphere; while the second are 
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filled with hydrogen, a 
, gas about f 
lighter than air. ourteen 


The rarefied-air balloon was invented by Montgolfe! 
Describe the 2entleman, in 1782, who first filled a pape 


Montgolfier, heated air, and allowed it to pass ‘up a ae bag With a 
mney, foe 
od 


gues afterward constructed balloons of silk of 
shape, with an aperture formed in the l 
Beneath this opening a light wire basket was Saoeue 
burning material. The hot air arising from the bur : 
enters the aperture, and, rendering the balloon specifi 
the air, causes it to ascend with considerable velocit 
of a similar character are frequently made at the = 
the air within them being rarefied by means bile a 
alcohol, suspended by a wire beneath the mouth and; “ited a : 
The hydrogen-gas balloon consists of a light sien ba a 
Describe the With hydrogen, or common eA eRe The 
ydrogen- ference between the specific weight of either acme “a 
hese 


gas balloon. gases, and * 
: common air, is so 
filled with them pos pias great, that a large b 
possesses ascensional power suffici eee oon 
cle 
nt to rise to great 


heights, carrying with it considerable additi é 
es descend by allowing the gas to aces ee = a 7 
y diminishing the bulk of the balloon. To enable him t aa — 
ballast is provided, generally consisting of bags of sand bet 
out which, the balloon is lightened, and accordingly ee 
By means of one of these machines Gay Lussac, an enuhent French 


2 SPhericay 
wer Surface, 
d, Containin 
ning substances 
cally lighter than 


€ again, 


en acceded in 1804, for the purpose of making meteorolo ical ° 
servations, to the great height of twenty-three thousand feet aa 4q 
p) 


Glaisher, an Englishman, in the 
) ear 186 + , 
seven thousand feet. j ee ee ene ti 
Do aa 348. Air obeys the laws of motion which 
of motion are * 
SE eae common to all other material and pon- 
derable substances. 
349. The momentum of air, or the amount of force 


How isthe Which it is ca i 
fone ue ' pable of exerting upon bodies 
neath opposed to it, is estimated in the same 


soluntedt way as in the case of solids; viz., by mul- 
tiplying its weight by its velocity. 


in imparting mo 


» a French 3 Be which occ 


Small balloons 4 
t day of Paper, 


y throwing | 
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ntum of air is usefully employed as a mechanical agent 

‘on to windmills and to ships. Its 

: fe : eee : What are 

king effects are seen In the force of wind, jyjustrations 

asionally, in hurricanes and tornadoes, acts of the 

with fearful power, prostrating trees and_ buildings. Bae 
4 : 

Such results are caused by the momentum of the air eae 

peing greater than the force by which a building or a tree is fastened 


to the earth. 
350: Any f 
to it a rotary movement. A Very what causes 
peautiful illustration of this is the rings eae ay f ( i 
seen in the rings of smoke which a er eee Gd VIN WES 
produced by the mouth of a EES S Keay” 


The mome 


orce acting suddenly upon the air from a center imparts 


aKa fas 
Fic. 152. 


are 
skillful tobacco-smoker, ard fre- and inthe 


uently also upon a much larger discharge 
q disch £ of cannon ? 
scale by the discharge © cannon 

on a still day. Smoke, issuing from the smoke-stack of a locomotive 
just beginning to move, frequently rises in the form of these rings, 
which retain their shape and motion for some time. In these cases a 

ortion of air acted upon suddenly from a center is caused to rotate, 
der the motion visible. The whole cir- 


and the particles of smoke ren 
a state of rapid rotation, as is shown 


cumference of each circle is in 


_ by the arrows in Fig. 152. The rapid rotation, in short, confines the 


smoke within the narrow limits of a circle, and causes the rings to be 


well defined. 


Practica! Problems in Pneumatics. 


x. If 100 cubic inches of air weigh 31 grains, what will be the weight of one cubic 


foot ? 
2. If the pressure of the atmosphere be 15 pounds upon a square inch, what 


pressure will the body of an animal sustain, whose superficial surface is 40 square 


feet ?. 

3. When the elevation of the mercury in the barometer is 28 inches, what will be 

the height of a column of water supported by the pressure of the atmosphere ? 
Solution. — Column of mercury supported by the atmosphere = 28 inches. Mer- 


cury being 14 times heavier than water, the column of water supported by the atmos- 


phere = 28 X 14 = 323 feet. 

4. When the elevation of the mercury in the barometer is 30 inches, what will be 
the height of a column of water supported by the atmosphere ? 

5. To what height may water be raised by a common pump, at a place where the 


barometer stands at 24 inches ? 
6. If a cubic inch of air weighs .30 of a grain, what weight of air will a vessel 


whose capacity is 60 cubic inches contain ? 

























































































































































































































































































































































































































































































CHAPTER X, 


ACOUSTICS. 


351. Acoustics is that department of physical sci. 
wise chee which treats of the nature, phenom- 
come terncna, and laws.or sound, It alco Includes 
acoustics P? : 

the theory of musical concord or harmony, 
352. Sound is the sensation produced on the or. 


What is gans of hearing, when any sudden shock 


sound ? or impulse, causing vibrations, is given to 


the air, or any other body, which is in contact, 
directly or indirectly, with the ear. 


Under what 353. When an elastic body is disturbed - 


circum- 


stancesdo at any point, its particles execute a series 
vibratory 


meres (Ok Vibratony, movements, and gradually re. 
arise ? turn to a position of rest. 


Thus, when a glass tumbler is struck b 


y a hard body, a tremulous 
agitation is transmitted to its entire mass, 


which movement gradually 
diminishes in force until it finally ceases, 
Such movements in matter are termed 
vibrations, and when communicated to 
the ear produce a sensation of sound. 
The nature of these vibratory move- 
ments may be illustrated by noticing 
the visible motions which occur on 
striking or twitching a tightly extended 
Suppose such a cord, represented by the central line 


in Fig. 153, to be forcibly drawn out to A, and let go: it would imme- 
200 


cord or wire. 


“diately ¥¢ 
"momentum @ 


a yibrat : 
q of its Vl 


7 ‘nto motion 


acte 


mothe 
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cover its original position by virtue of its hoo ae 
hed the central point it would have acquire so m if 
s would cause it to pass onward to a; thence it wou 
k in the same manner to B, and back again to 6, the exten 
a Hon being gradually diminished by the resistance of the 
=, would at length return to a state of rest. 
i as tory movements of this kind all the separate particles come 
S.. the same time, simultaneously pass the Deseneeane 
t of equilibrium or rest, simultaneously reach the natureofa 


n it reac 


poin 


F - ym of their vibration, and simultaneously begin stationary 
| ec trograde motion. Such vibrations are therefore 
4 ir y ° ° : 
4 Bed stationary or fixed vibrations. : ae a 
a If, however, the motions of the vibrating body are of such a 

p) 


vibration. 


that the agitation proceeds from one particle to Dezcrikethe 
er so that each makes the same vibration or oscil- nature of a 
ano ? 


s the preceding one, with the sole exception of progressive 


Jation a vibration. 


; inni ve what is called pro- 

pe Be Thue eee a cord at one end, and move the 
bs: ‘i iis and dawn: a wave, or progressive vibration, is produced. 
ic Pilon may be best illustrated by comparing it to the se 
‘produced by the wind in a field of grain. The Bessy yee trave 
ae re r the field in the direction in which the witid blows; but this 
E. ao of an object moving is only delusive. The only real motion 3 
Be ine heads of the grain, each of which goes and returns as che 
C, Fe eons or recovers itself. This motion affects successively a line 
sta 


gres 


of ears in the direction of the wind, and affects simultaneously all the | 
eo 


s of which the elevation or depression forms one visible wave. 
.. elevations and depressions are propagated in.a constant aoe 
while the parts with which the space is filled only aoe . and TO. 
Of exactly such a nature is the propagation of sound throug ae : 

354. Sound-vibrations in solid bodies may be rendered visible by 
many simple contrivances. If we attach a ball 2 oe giles 
of a string to a bell, and strike the bell, the ball wi the sound- 
vibrate so long as the bell continues to sound. ‘When a hia 
bell is sounding, also, the tremulous motion of its ae oe eae 
cles may be perceived by gently touching it see - visible? 
finger. If the finger is pressed firmly against the ell, fA ane 
thexsound is stopped, because the vibrations are ee e e Nae 
sounds are produced by drawing the wet finger around x e a a 
glass containing water, waves will be seen undulating from ne . 
toward the center of the glass. 
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If a cane or flexible metallic rod, fixed at one of its ends 
from a position of rest, it will execute a series of oscillatio 
amplitude (largeness of dimension) of which continues . to a the mm conve 
until at last the motion ceases. During the vibrations of th “crease, mee = the un aa Rene ; pie which sound 
sound is heard, which decreases, and ends with tl vemer, t? > movement, which, propagating itself in every direction, is propa- 

The most interesting neta of exhibitin nie ee 4 | a reaches the ear, and produces the\sensation of sound eee 

fee era ; 8 ne Character of soung ; Air is not necessary to the production of sound, although most 
How are the 2 e so-called “acoustic figures,” . . : i tbrati 
medals may be produced in the following manner > Which q sé © se gounds are transmitted by its vibrations. 
ae ee ae core ine bandon ue ciareceh a ele Sprinkle 4 \When a stick is held between the teeth at one ex- Is air neces- 
figures : round’ Piece (of ia and the other is placed in contact with a table, sary to the 
production 


lass or metal, and, holdi — emity 

produced ? Grass: , and, holding the plate firmly by mea > | m= «TT : ; 

a pair of pincers, draw a violin-bow down the a ' Begecstch ee intone mach of sound? 
Se: 


the sand is put in motion, and finally arranges itself alon reat distinctness, though both ears be stopped. 
ong those parts. The earth often conducts sound, so as to render it sensible to the 


ear, when the air fails to do so. It is well known that the approach 
of a troop of horse can be heard at a distance by putting the ear to 
the ground ; and savages practice this method of ascertaining the 
approach of persons from a great distance. 

356. If no substance intervenes between Under what 


circum- 


the vibrating body and the organs Of stances 
hearing, no sensation of sound can be Showdwe 


be unable 
produced. to heara 





ae i Fe 3 A ‘nN 
be Moved Se Air is the usual medium through which sound is What is the 





yed to the ear. The vibrating body imparts to nail aed 
contact with it an undulatory or wavelike ee 






















































































sound ? 








This is readily proved by placing a bell, rung by the 
action of clockwork, beneath the receiver of an air-pump, and exhaust- 
ing the air. No sound will then be heard, although the striking of the 
tongue upon the bell, and the vibration of the bell itself, are visible. 
Now, if a little air be admitted into the receiver, a faint sound will 
begin to be heard; and this sound will become gradually louder in 
proportion as the air is gradually re-admitted, until the air within the 
of the surface which have the least vibratory motion. By changing 4 a be Se ane kin panage ce oS 
the point by which the plate is held, or by varying the parts to which q . 2 : . . 
the violin-bow is applied, the sand may be made to assume various 357: Vibrating bodies which are capable of thus 


CO PUCSVER SOE ORG GAe ee —Cimparting undulations to the air are whatare 


$ = sonorous 
termed sounding, or sonorous, bodies. Paige 

































































355. It is necessary that there should be, between , 

the source of sound and the ear, some 3:8. Ifa tuning-fork be struck against any hard body, its prong at 
- ‘ once vibrates, and in so doing it causes the air next to j 

the source of sound A ’ | it to vibrate also. ‘These vibrations are transmitted by cael tees 

é , und, and transmit them _. 4 a succession of condensations (a, 4,¢, @, Fig. 155) and 

o the ear. _ 4 rarefactions (a’, 5!, c/, d’), like waves along the surface of water. To 


When is 


sound medium which may fecei 
possible? ay teceive vibrations from 














































































































































































































































































































































































































































































































































































































































































































NATURAL PHILOSOPHY. 


each complete vibration of the prong a series of condensations there 


fore correspond, a condensed half-wave; then a series of dilatations. 
% b] 


A @& a! 6! 


1 


a dilated half-wave; the whole forming.a complete sound. 
wave, which is propagated through the air. 

Ina sound-wave or undulation of thé air, there is no 
permanent change of place among the particles, but sim. 
ply an agitation, or tremor, communicating from one par- 


Fic. 155, 


ticle to another; so that each particle, like a pendulum which has - 


been made to oscillate, recovers at length its original position. 


Howdoes . 359. The power of a medium\to. trans. 
the trans- | 


mission of | Mit,sound varies with its density and elas- 
soundina iC] 

agains ticity. ) is | 
vary ? 360. Sound decreases in intensity from 
the center where it originates, according to the same 
pees law by which the attraction of gravitation. 
inteneity of varies, viz., inversely as the square of the 
soun ° ° 

affected by distance. That is to say, at double the 


dist ioe 3 
stance? distance it is only one-fourth part as 


Strong; at three times the distance, one-ninth, and 
SO on. 3 


ad 


This law applies with its full force only when no opposing currents | 
of air, or other obstacles, interfere with the wave-movements, or undu- 
lations. By confining the sound-undulations in tubes which prevent 
their spreading, the force of sound diminishes much less rapidly. It. 
will therefore, under such circumstances, extend to much greater dis- 
tances. This principle is taken advantage of in the construction of 
speaking-trumpets. 

Whatever tends to agitate or disturb the condition of the atmos- 
phere affects the transmission of sounds. A strong wind blowing 
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ds the sonorous body, falling rain, or snow, interferes with ae 
ae of sound-waves, and obstructs the transmission of sound. 
aa that we hear sounds with greater distinctness by night than 
i be in part accounted for by the circumstance that the 
by ae okie or strata of the atmosphere are less liable to variations 
oe - to currents, caused by changes of temperature, at night 
macensity, @ The air at night is also more still, from the suspension 
Bea By ae nd hum of men. Many sounds become perceptible dur- 
pt ae which during the day are completely stifled, before they 
Be He ear by the din and discordant noises of labor, business, and 
reac ; 


its On what 
301. The loudness of a sound, or Testis 


degree of intensity, depends on the ampll- loudness | 
tude of the vibrations which the sounding Gepena? 


body makes. 


If the amplitude, which in the case of a tuning-fork is a eee 
eled by the prong while performing one complete vibration, 
i the sound is feeble: its loudness increases with the excursions 

smal; 
as ae * transmitted to the ear through the medium of the air, 

h Pcnsity will be greater as the volume of air displaced iS greater. 
fon the top of high mountains, where the air is greatly rarefied, the 
sound of the human voice can be heard for a short What are 
tance only; and on the top of Mont Blanc the explosion UES 220 

f a pistol appears no louder than that of a small or itis 
Fe cker: When persons descend to any esa eet 
depth in a diving-bell, the air around them is eae iit al 
by the weight of a considerable column of water a me ae an 
such circumstances a whisper 1s almost as loud as a ao ae 
open air; and when one speaks with ordinary ae it produ 

: d as to be painful. . 

Me bccn Nees: that, when strata of air of different ae 
ties are between the source of sound and the ear, the ae ee 
sound:depends upon the density of the air at the source ies 2 
Thus, sounds from the surface of the earth, where the ea ee 
tively dense, may be heard distinctly by a person in. a al - He - 
sounds uttered by a person in the balloon are inaudible to a pe } 
the earth, because the air around the balloon is rarefied. 





































































































































































































































































































































































































































































































206 NATURAL PHILOSOPHY, 


What law 362. The velocity of the sound-undula. 


eee tions is uniform, passing over equal inter. 


sound ? vals in equal times. 


The softest whisper, therefore, flies as fast as the loudest thunder. 


363. Sound travels, when the temperature js at 
ce) 14) ; = 

With wnat ©2 ahrenheit’s therniometer, at a rate“of 

velocity does 1,120 feet per second, or about thirteen 

soundtravel ? . . : 

miles per minute, or 765 miles per hour. 

The velocity of sound increases or diminishes at the 

rate of thirteen inches for every variation of a degree 

in temperature above or below the temperature of 62° 
Fahrenheit. 


When a gun is fired at some distance, we see the flash a consider. 

able time before we hear the report, for ‘the reason that 

Ered wee light travels much faster than sound. Light would 

see the flash §0 

of agun round the earth four hundred and eighty times while 

before we sound was traveling thirteen miles. 7 

aca A knowledge of these circumstances is taken advan- 
tage of for the measurement of distances. 

Thus, suppose a flash of lightning to be perceived, and, on counting 
Heiney the seconds that elapse before the thunder is heard, 
knowledge of find them to amount to twenty; then, as sound moves 
the velocity 1,120 feet in a second, it will follow that the thunder- 
he cloud must be distant 1,120 X 20 = 22,400 feet. 
the measure- When a long column of soldiers are marching to a 
ment of dis- measure beaten on the drums which precede them, we 
sane! may observe an undulatory motion transmitted from the 
drummers through the whole column, those in the rear stepping a little 
later than those which precede them. The reason of this is, that each 
rank steps, not when the sound is actually made, but when in its 
progress down the column, at the rate of 1,120 feet in'a second of 
time, it reaches their ears. Those who are near the music hear it first, 
while those at the end of the column must wait until it has traveled 
to their ears at the above rate. 

The velocity of sound depends on the relation between the elas- 
ticity and density of the medium through which it passes. The 


. 
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ater the elasticity, the swifter is the propagation; the denser the 
a. the slower is the propagation. rele 
alae travels in water nearly four times as rapidly as in air, by 
. f the greater elasticity of water. It is transmitted by solids 
Bee ice as rapidly as by water. The velocity in water is 4,680 
Be cr second: in iron, 17,000 feet per second. . ; 
on If two waves of water, advancing from opposite directions, 
meet in such a way that their points of elevauon coin- py lain the 
: yave of double the height of the single one will phenomenon 
ss od at the point of interception; or, if two wave- of pes 
Fe ccsions on the surface of water eee Se See 
¢ double depth will be produced. If, however, ; 
F vaves come into contact in such a manner that an elevation o 
a a coincides with the depression of another, both will be 
oe sf ed. Such a result is termed an interference of waves. In the 
a : er, when two sound-undulations, propagated from different 
3 ding bodies, intersect each other, a like phenomenon of interfer- 
. is produced, —the two undulations destroy each other, and 


. i duced. 
silence 1S pro , ; 
In Fig. 156 the two series of sound-waves intersect so as to inten 


A Cc 


fe ce 


Fic. 156. 


Tee 


sify the sound. In Fig. 157 the waves meet so as to weaken or destroy 
the sound. This can only take place when the two forks make the 
same number of vibrations in a second. ; 

This fact may be very prettily illustrated by holding a common 
tuning-fork, after it has been put in vibration, over the mouth of 
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a cylindrical glass vessel, as A, Fig. 158. The air containe 


Seite d within — 
the vessel will assume sonorous vibrations, and a tone will 


be pro 


eard will 
but if either cylinder be removed, the 


will be renewed again in the other. 
curious experiment, the silence arise 
~ S the interference of the two sounds. 
Bie cot Another example of this phenomenon ma 
be produced by the tuning-fork alone. If 
this instrument, after being put into vibration, be held at a 
distance from the ear, and slowly turned round its axis, 
of the two branches will be found at which the sound will become 
inaudible. This position will correspond to the_points of interference 
of the two systems of undulations propagated from the two branches 
or prongs of the fork. : 
365. But, where the forks do not make the same numberof Vibra- 


What gives tions in a second, the two series of sound-waves meet so 
rise to beats? 2S alternately to intensify and destroy each other, and 
give rise to “ beats.” 

The number of beats in a second is equal to the difference in the 
numbers of vibrations made by the sounding bodies in that time, 
Thus, when two tuning-forks, vibrating 255 and 2 50 times respective] 
in a second, are sounded together, one beat a second Will be heard. 


SOund 
In this 
S from 


A 


a Position 


2. 


SECTION I. 


REFLECTION AND REFRACTION OF SOUND. 


306. When waves of sound strike against any fixed 


What is surface tolerably smooth, they are reflected, 
meant by the 


feHection of. Ob Lebound, trom that cumiace- and the 


sound? angle of reflection is equal to the angle of 
incidence. 


duced. If now a second glass cylinder } : 
held in the position B, at rizht an “2 
- | , angles t 
(> (me the musical tone previously h ° a 
cs 


> x 
Cease ; g 


great. 


a 


mane i 
F Jations, 
pose, a 
‘a sound, 
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verning the reflection of sound is the same as that 
yerns the reflection of all elastic bodies, and also, as will be 
a ater, the imponderable agents heat and light. 


This Jaw §° 
which & 
penow" 


67. An Echo is a repetition of sound, caused by 
3 ° 


eflection of the sound-waves, or undu- whatis 
from a surface fitted for the pur- Binet 
s the side of a house, a wall, hill, &c.; the 
after its first production, returning to the ear 


at distinct intervals of time. 


sf a body placed at a certain distance from a hearer produces 
d. this sound would be heard first by means of the sonorous 
ae ti which produced it, proceeding directly and uninterruptedly 
ee norous body to the hearer, and afterward by sonorous 
. Beas, which, after striking on reflecting surfaces, return to the 
E These last constitute an echo. sy 
* order to produce an echo, it is requisite that the reflecting 
Fe ould be situated at such a distance from the source of sound, 
a he interval between the perception of the original and re- 
ae Binds may be sufficient to prevent them from being blended 
e 


Thus, 


together. 


The shortest interval sufficient to render sounds distinctly cele 
ple by the ear is about one-ninth of a second: ype 
follow at shorter intervals, they will form a resonance none O ce 
echo; so that no reflecting surface will produce a ae = a oe 5 
its distance from the spot where the sound proceeds is at ee ee ; 
as the sound will, in its progress in passing to and from t : re = ; : 
surface at the rate of 1,120 feet per ieee occupy one-ninth part o 

ing over 624 X 2, = 125 feet. 

ee Gihen the ee between the source of sound and the retest 
ing surface is less than 624 feet, the original and reflected Whats 

sounds are blended together, and the effect is called a : 
resonance, and not an echo. If the distance 1s comparatively small, 
the sound is strengthened and prolonged ; but, where the Seite 
larger, the direct sound only partially blends with the reflected sound, 

ess confusion arises. 

Ce a ee cae tuned to precisely the same note, be age 
on sounding-boxes, and so placed that the mouths of the boxes face 




















































































































































































































































































































































































































210 NATURAL PHILOSOPHY, 


one another, on sounding one fork the other will also begin ta 
out the same note. This is due to resonance; the vibrations of 
one fork, being communicated by means) of -the air to the Other 
in motion. If on one of the prongs of the second fork a smal] 
of wax be placed, the vibrations can no longer be communi 
the fork will remain silent. The wax, by changing the perio 
tion of the second fork, changes its note. 

Large halls, spacious churches, &c., on the contrary, 
berate or repeat the voice of a speaker, because the wall 
off from the speaker that the echo does not get back ‘in time 
with the original sound, and therefore each is heard Separately, 


369. Where separate surfaces are so situated that 4 
pa ies they receive and reflect the sound ftom aa 
one to the other in succession, multiplieq — 


an echo 
multiplied ? 
echoes are heard. 


An echo in a building near Milan, Italy, repeats a loud sound thirt 
times audibly, 4 

: EN river bounded by 

i a = == perpendicuis 
io i Ni : walls of rock, 
ANN where the sound 
is reflected back. 


oF 


iN 
i 


{ 


over the surface 
of still water, is 


ae < — ~. ———— + ¥ 
SSS 
a _ L 


: SS 
= = ————— = — 


= Z 
LG 


uation for the 
production of re- 
peated echoes, 
Fig. 159 repre- 
sents the man- 
ner in which the 


(Nee 





in such situations, as at 1, 2, 3, 4, from side to side. 
That sound may be conveyed to great distance with but little loss 
of intensity, is explained by the principle of repeated reflections. This 


is practically applied in the case of speaking-tubes, of the speaking- 
trumpet, and of the ear-trumpet. 


often rever. ] 
SO far 4 
blend 3 


ee 


ward and forward — 


a favorable sit. 


sounds rebound - 


Live — 

the 

> Set it ane 
Piece = 

Cated, and_ 

d Of Vibra, 


4 4 either hard or 
4 4 A echo procee 
; 3 at se 
"rarely, t 
3 sure a per 
bly smoot 
_ preak t 
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not necessary that the surface producing an echo should be 
polished. It is often observed at sea that What cop 

ds from the surface of clouds. An echo rae oe 

B however, or on-an extensive plane, is heard but requisite to 

’ here being no surfaces to reflect sound. To in- piduce ae 
fect echo, the reflecting surface must be tolera- periectecno: 
h, and of some regular form. An irregular surface must 
he echo; and, if the irregularity be very considerable, there can 
‘stinct or audible reflection at all. For this reason, an echo is 
fect from the front of a house which has windows and 
he plane end, or any plane wall of the same magni- 


It is 


be no d 
much less pel 
doors, than from t 
tude. 

370. I the surface upon which the sound-waves 


strike be concave, it may concentrate | .4. 


d 
sound, and reflect all that falls upon it to ee 


a point at some distance from the surface, from curved 
surfaces: 
called the focus. 


Thus, in Fig. 160, if the sound-waves proceeding in right lines from 
the points @, 4 /; & h, strike upon 4 
the concave surface A B C, they will 
all be reflected to the focus F, and 
there concentrated in such a way as 
to produce a most powerful effect. 

It is upon this principle that whis- 
pering-galleries are constructed; and 
domes and vaulted ceilings often ex- ; 
hibit the same curious phenomena. In these instances, a whisper 
uttered at one point is reflected from the curved surface toa focus at a 
distant point, at which situation it may be distinctly heard, while in 
all other positions it will be inaudible. . 

Most of the stories in respect to the so-called “ haunted houses 
can be all satisfactorily explained by reference to Ase principles which 
govern the reflection of sounds. Owing to a peculiar arrangement of 
reflecting walls and partitions, sounds produced by ordinary causes 
are often heard in certain localities at remote distances, in apparently 
the most unaccountable manner. Ignorant persons become alarmed, 
and their imagination connects the phenomenon with some supernatu- 


ral cause. 


Fic. 160. 




























































































































































































































































































































































































































































































212 NATURAL PHILOSOPHY. 


How may 371. Sound may be refracted. 
sound be 


When the propagation of light or heat take 
refracted ? ; ; ; 
through media of different natures or densities 
direction of their waves undergoes a particular devia 
refraction. Sound exhibits the same phenomenon. 


7 ’ the 
tion known as 


If a watch be hung at w (Fig. 161), close to a lens formed of q 
collodion balloon filled with carbonic-acid gas, at a distance of four or 
five feet beyond the balloon the ticking of the watch can be distinctly 
heard. The sound will be enfeebled if the balloon be removed, thus 


showing that the rays of sound are converged towards a point by the 
lens. 


372. A right understanding of the principles which govern the 
reflection of sound is often of the utmost importance in the construc 
tion of buildings intended for public speaking, as halls, churches, &c. 

Experience shows that the human voice is capable of filling a 


larger space than was ever probably inclosed within the walls of a 
single room. 


The circumstances which seem necessary in order that the human 
What cir- voice should be heard to the greatest possible distance, 


cumstances and with the greatest distinctness, seem to be, a per- 
are necessary 


a fectly tranquil and uniformly dense atmosphere, the 


utmost dis- | absence of all extraneous sounds, the absence of echoes 
tinctness in 


and reverberations, and the proper arrangement of the 
hearing ? 


reflecting surfaces. 

A pure atmosphere in a room for speaking, being favorable to the 
How doesa ‘*Peaker’s health and strength, will give him greater 
pure atmos- Power of voice and more endurance, thus indirectly 
phere in a improving the hearing by strengthening the source of 
eis sound, and also by enabling the hearer to give his atten- 
tion for a longer period undisturbed. 


S Place 
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I constructing a room for public speaking, the ceil- 
n 


ht not to exceed thirty to thirty-five feet in 
ing ous 


i. reason of this may be explained as follows: 
e 


1 a wall on a calm day, producing 
a ee ana a point at which the echo ceases 
- Be cheuishable from the original sound. The 
ee " from the wall, or the corresponding interval of 
Pia been called the limit of perceptibility. This 
Be a thirty-five feet and, if the ceiling of a building 
thir 


pe arranged a 
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How should 
a room for 
public speak- 
ing be con- 
structed ? 


at each step 
What is 


the reason 
of this? 


limit is about 


for speaking 


t this limit, the sound of the voice and the echo will 


ice of the speaker. 
ther, and thus strengthen the voice of the se 
ae e ceiling be constructed higher than this limit of ae 
higher than thirty or thirty-five feet, the direct sound and the echo 
or 


| be heard separately, and will produce indistinctness. 
Echoes from walls and ceilings may, to a cee 
tent, be avoided by covering their surfaces wit t LIC 
Be cty which absorbs sound, and does not reflect it. : 
If the room is not very large, a curtain behind the 
speaker impedes rather than assists his voice. 


wil 


How may 
echoes in 
apartments 
to some 
extent be 
avoided ? 


373. In every apartment, owing to the peculiar arrangement of the 


reflecting surfaces, some notes or ue ae Uae 
with greater distinctness than others; or, In ot — oe 
every apartment is fitted to reproduce a a a Oe 
called the key-note, better than any other. a sp ale 
therefore, will adapt the tones of his voice to co 


What is 
meant by 
the key- 
note of an 
apartment ? 


iththis key-note, which may readily be determined bya little ae 
- will be enabled to speak with greater ease and distinctness | 
é 


under any other circumstances. 


i r 
In a large room nearly square, the best place to speak from Is nea 
























































Ww Vv 1 i ner. 
one corner, with the voice directed diagonally to ue opposite co! 
st pitc voice ill reach across the 
rest pitch of voice that wi ta 
In most cases, the lowe h : : 
room wi ible. In all rooms of ordinary form s 
om will be the most audi q : 
better to speak along the length of a room than across it. ~ [tis#betver, 
generally, to speak from pretty near a wall or pillar, than far awav 
bd 


from it. 

































































































































































































































































































































































NATURAL PHILOSOPHY, 


SECTION II. 


MUSICAL SOUNDS. 


374. All vibrations of sonorous bodies which are 


What are unif = 
musical OTe regular, and sufficiently rapid 
sounds ? produce agreeable or musical sounds 


The difference between a noise and a musical sound consists j 
regularity or irregularity of the vibrations of the sonorous bake “ 
noise 1s, of course, due to vibrations, but these uihtations : ; 
follow each other at regular intervals; whereas in every musical oie 
the vibrations follow each other, at perfectly regular rates, and ono 
quently the undulations of the a must be all exactly Sane in ‘dae 


375. If the sound-impulses be repeated at very 
Whatis short int | 
Wares ervals, the ear is unable to attend 
tone or pitch 0 them individually, but hears them as a 
in sound? 1 1 1 1 

ot continued sound, which is uniform, or has 
w at is called a tone or pitch, if the impulses be 
similar and at equal intervals. 

376. When the impulses, or vibrations, are few in number in a 
When isa  Slven time, the tone is said to be grave; when they are 
one grave m i i 1 
pee tiets ae the tone is said to be sharp. Musical sounds are 

spoken of as notes, or as high and low. Of two notes 
b] 


the higher is that which arises from more rapid, and the lower from 


slower, vibrations. 

377- This may be shown by means of Savart’s wheel, Fig. 162, so 
What is the called from the inventor. 
oes It consists of a toothed wheel, B, which is caused to 
and use o revol i ) 
pees , e : regularly as possible by means of the wheel 
Seni ,andt e endless band D. The teeth of the wheel B 
ee cause a little strip or tongue of card or metal, KE, to 

ate; and this, communicating its vibrations to the air, produces 


be) : f 
individual tap © 


_ siren. 
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g. When Bis caused to revolve slowly we can distinguish each 
the tongue against the teeth. On increasing the rate 
Bf yevolution a continuous sound is heard, which gradually rises in 
pitch as the velocity of the wheel increases, till the sound becomes a 
shriek. The number of vibrations in a second is found by taking the 
number of revolutions made by the wheel in that time, as shown by 
the dial-plate H, and multiplying this number by the number of teeth 
on the circumference of the wheel. 


oun 











ff 
rae 

















8. Another instrument for counting the number of vibrations 


Fig. 163. It is called a Whatis 
a siren ? 


37 


in a given note is shown in 


In this machine a series of puffs is produced by the alternate inter- 
ception and renewal of a current of air. This action is performed by 
the constantly changing position of a perforated brass plate, A, revolv- 
ing, by force of a current of air, over a plate, B, perforated in like 


manner. Fig. 163 shows the outward appearance of the machine ; 


| Fig. 164, the arrangement of the plates, and the manner of perforating 


them; and Fig. 165, the manner of counting the number of vibrations. 
When the plate A moves with an uniform velocity, a series of puffs 
will escape at equal intervals of time. These puffs, when succeeding 
one another at a sufficiently rapid rate, will communicate vibrations to 
the surrounding air, and produce sound, which increases in pitch as 
the velocity of the plate A is greater. The number of revolutions 
made by the plate A is shown by the two dials, Fig. 163. 





























































































































































































































































































































































































































216 NATURAL PHILOSOPHY. 


379. To produce any sound whatever, it is necessary that a ce 
Isthere any number of vibrations should be made in a certain ti 
limit tothe If the number produced in a second falls below a ¢ a 3 
number of rate, no sound-sensation will b d a 
vibrations aes pee crm It 
requicite is believed that the ear can distinguish a sound caus 
toproduce _ by fifteen vibrations in a second, and can also condi 
sound ? to hear though the number reaches forty-eight thous iim 


° e . ° n 
per second. Trained and sensitive ears are said to be able to oxal 


these limits. 


The longest sound-waves capable of producing the Sensation of 
sound have a length of 66 feet; the shortest, 3.2 inches. 


Fic. 164. Fic. 165. 


380. Beside this, sounds differ in their quality. 
Whatithe Lhe samie musical note, produced jwige 
qualityof the same degree of loudness, and by the 
sound, and : ; : 
towhatis Same number of vibrations, in the flute, 
i ? ° ° 
Mapes the clarionet, the piano, and the human 
voice, is in each instance peculiar and wholly dif- 
ferent. The French call this property, by which 


one sound is distinguished from another, the ¢zmodre. 


Ttain a.) as 
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Sounding bodies, when caused to vibrate, always break up into 

ments so as to start vibrations of different periods at the same 
5 a This is due to the fact that the molecules of the body are not 
Pe aity moved from their position of rest; and in certain parts of the 
as called nodes, the molecules may remain entirely at rest. The 
ae ‘given out by a body vibrating as a whole is called the funda- 
Be tal note, and those produced by the vibrating portions (ventral 
E ments) of the body are the harmonics of that tone. The quality 
_ sound is due to the blending of the harmonics with the funda- 
etal note. Each note has its own set of harmonics. The human 
yoice 1S rich in harmonics (or overtones), as many as sixteen having 
been detected in a bass voice. 

381. Iwo musical notes are said to be whenare 

, 1 1 ; two musical 
in unison when the vibrations which cause | tesin 
them are performed in equal times. unison ? 

382. When one note makes twice the number of 
vibrations in a given time that another whatisan 
makes, it is said to be its octave. The otave? 
relation, or interval, which exists between two sounds 
is the proportion between their respective numbers 
of vibrations. 

383. A combination of harmonious sounds 1s 
termed a musical chord; a succession Of whatisa 
harmonious notes, a melody; and a suc- ‘Pr pan 
cession of chords, harmony. 


A melody can be performed or executed by a single voice; a har- 


_ mony requires two or more voices at the same time. 


384. When two tones, or notes, sounded together 
produce an agreeable effect on the Galy i caer 
their combination is called a musical con- on cus 

e ° ° ° iscora. 
‘cord: when the effect is disagreeable, it 1s 
called a discord. 


385. Between the key-note and its octave there is a natural grada- 
tion by intervals in the pitch of the tone, which heard in succession 
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are harmonious; the octave, as its name implies, being the eighth 
pitch of tone, or eighth successive note, ascending fro 
Explain what mM 
; the key-note. 
is meant by : : 
the gamut, These eight notes, or intervals in the Pitch of ton é 
or scale of between the key-note and its octave, constitute what ; 
music. ; ; ; S 
called the gamut, or diatonic scale of music, because 
they are the steps by which the tone naturally ascends from any note 
to the corresponding tone above, produced. by vibrations twice aS 
rapid. These several notes are distinguished both by letters and 
names, They are:— 
(Cs D, E, F, G, A, B, CG 
Or — do, re, mi, fa, sol, la, si, do. 


They may also be distinguished by numbers indicating the length 
oor of the strings and the number of vibrations required 
the notes of |. to produce them. Thus, the length of the string’ produ- 
the scale cing the primary or key-note being forty-eight inches 
indicated? the lengths of the strings to produce the tones in the 
entire scale are :— 

24, 27, 30, 32, 36, 40, 45, 48. 


Or, supposing that, whatever be the number of vibrations per second 
necessary to produce the first note in the scale C, we agree to repre- 
sent it by unity, or 1; then the numbers necessary to produce the 
other seven notes of the octave will be as follows: — 


INamerorenoter is. ch ssc ss € Dib GAs BasGe 
Number of vibrations. . . . 1, %, 3 4, 3) $2 gt 2- 

However far this musical scale may be extended, it will still be 
found but a repetition of similar octaves. The vibrations of a column 
of air in a pipe may be regarded as obeying the same general laws. 
Notes are naturally higher in proportion to the shortness of the pipes. 

386. For studying the vibrations of cords, an instrument called the 
Explain the squometer, (Fig. 166) is employed. It consists of a 
construction Case of thin wood, above which are stretched wires by 
of the means of weights. A movable bridge can be placed at 
iota. vany<decined point of a scale beneath the strings. By 
means of the sonometer the following laws may be determined : — 

387. (1) The rate of vibration is inversely proportional to the length 
What laws of the wire. Thus, if a string makes a certain number 
are proved of vibrations in a second, a string one-half as long will 
by the make double the number of vibrations; a string one- 
poucuecchs third as long, three times as many, &c. 
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oportional to the square root of the stretching- 


is directly pr : ; 
a produces a given number of vibrations when 


If a string 


a | . by a weight of one pound, it will require a stretching-weight 
q stretc 
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£ four pounds to make double the number of vibrations, nine pounds 
ot rou 


ke three times as many, &c. 
, a Tt is directly proportional to the square root of the weight of 


tring. The bass-strings of a piano are covered with wire, to BS 
S . p 
ie their weight, and thus secure a lower tone. The ee e 
ice Jaws is seen in aviolin. The pitch of any string 1S raise 


e . °. e e the 
lowered by a screw which on turning In¢reases OF diminishes 
ew 


Fic. 167. 


stretching-weight; or, the pitch is altered by applying the wee | 
such a manner as to lengthen or shorten the vibrating part; or, finally, 
the pitch is altered by using larger or smaller strings. 
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388. The presence of nodes and ventral segments may also be 
shown by means of the sonometer. If a string A OH 

cea (Fig. 167) be set into vibrations, and a bridge be placed 
ventral at the point B, so as to bring B to a state of rest, the 
segments remaining portion of the string will divide itself into 
be shown ? . wee 
| two portions. This is due to the fact that all parts of 
the string tend to make a vibration in the same time. In like man- 
ner, if we place the bridge at B, a point one-fourth the length of the 
string, the string will divide itself into four vibrating parts. The 
points B C and C’ are called nodes. That they are in a state of rest 
may be shown by placing some small paper riders over the String, 
On vibrating the string, the riders on the ventral segments will be 
thrown off, while those on the nodes will remain undisturbed. On 
vibrating plates (§ 354), the sand collects on the lines at rest, or on 
the nodal lines. 

389. In wind-instruments the sound is pro- 
Reis duced by a vibrating 
Sanaa column of air within 
produced the tube. The vibra- 
aaa ts? tions are produced in 

a mouth- instrument, 

Fig. 168, by a rapid current of air 
passing through 7, and striking 
against the upper lip & In this 
way shocks are produced, and, be- 
ing transmitted to the air in the 
tube, make it vibrate, and sound is 
the result. In a_ reed-instrument 
(Fig. 169), the air is caused to 
vibrate by an elastic tongue, 2, 
which is itself set into vibration by a current 
of air coming from Q. The reed-tube, H, is 22 
generally added to improve the quality and in§ = 
crease the volume of the sound produced by | i 
the reed, which itself would sound very poor i i 
and faint. = 


Fic. 168. 
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The existence of nodes and loops (ventral ees 
segments) within an organ-pipe may be shown 
Dy lowering into the pipe a thin membrane stretched over a frame, and 
having some sand sprinkled on its surface. While in a loop, the sand 
will be agitated ; but on entering a node it will remain at rest. 
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390. If a glass tube, open at both ends, be held over a jet of burning 
hydrogen (see Fig. 170), a rapid current of air is produced through the 
tube, which occasions a flickering of the flame, attended by a series of 
small explosions, that succeed each Hew ee 
other so rapidly, and at such regular eoundibe 
intervals, as to give rise to a musical pad ae by 
note, or continuous sound, the pitch 
and quality of which yaries with the length, thick- 
ness, and diameter of the tube. By sounding the 
same note with the voice, a tuning-fork, or musical 
instrument, the singing of the flame may be inter- 
rupted, or caused to cease entirely; or, when silent, 
to re-commence. 


391. The phonograph is an instru- 
ment designed to register pescribe the 
sound-vibrations, and to re- Phonograph. 
produce them when desired. 


Fig. 171 shows the construction of the instrument. It consists of a 
cylinder, A, in the surface 
of which is cut a spiral 
groove, like the thread of 
ascrew. A like screw is 
cut in the shaft which car- 

I een eee ries the cylinder. Over 

= eee this cylinder is fixed a 

——— SC sheet of tinfoil, ‘The 
mouthpiece B (shown in 

detail in Fig. 172) consists of a thin plate of metal, D, 

called a diaphragm, which is capable of receiving from, 

and transmitting to, the air, sound-vibrations. On its 

back is fastened a needle-point, which presses lightly 

against the tinfoil. On turning the cylinder, and speak- 

ing into the mouth-piece, the diaphragm vibrates, and 

communicates its motion to the needle-point, which 

pricks the tinfoil, leaving marks which will be of dif- 

ferent lengths, varying with the amplitude of the vibra- 

tions of the air, or with the tones and modulations of the speaker’s 
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voice. To reproduce the sounds, the cylinder is placed as at the pe 

ginning, and, on turning it 

the diaphragm wil] per 

form the same Vibrations 

as before. The marks on 

_the tinfoil set the needle. 

point vibrating, the needle 

the diaphragm, and the 

diaphragm the air, which 

conveys the vibrations to 

the ear, where sound js 

produced. Fig. 173 represents the tinfoil with the marks made by the 
needle-point. 


SECTION III. 
ORGANS OF HEARING AND OF THE VOICE. 


392. The ear consists, in the first instance, of a funnel-shaped mouth, 
Describe the placed upon the external surface of the head. In many 
construction animals this is movable, so that they can direct it to the 
of thehuman place from whence the sound comes. It is represented 
eek at a, Fig. 174. 

Proceeding inward from this external portion of the ear is a tube, 
something more than an inch long, ter- 
minating in an oval-shaped opening, 4, 
across which is stretched an elastic mem- 
brane, like the parchment on the head of 
a drum. This oval-shaped opening has re- 
ceived the name of the tympanum, or drum 
of the ear; and the membrane stretched 
cross it is called the “membrane of the 
tympanum, or drum of the ear.” 

The sound concentrated at the bottom of the ear-tube falls upon 
the membrane of the drum, and causes it to vibrate. That its motion 
may be free, the air contained within and behind the drum has free 
communication with the external air by an open passage, /, called the 
eustachian tube, leading to the back of the mouth. A degree of deaf- 


FIG. 174. 
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ness ensues waen this tupe .s obstructed, as in a cold; and a crack or 
sudden noise; with immediate return of natural hearing, is generally 
experienced when, in the effort of sneezing or otherwise, the obstruc- 
tion is removed. 

The vibrations of the membrane of the drum are conveyed farther 
‘award, through the cavity of the drum, by a chain of four bones (not 
represented in the figure on account of their minuteness), reaching 
from the center of the membrane to the commencement of an inner 
compartment which contains the nerves of hearing. This compart- 
ment, from its curious and most intricate structure, is called the 
jabyrinth. (Fig. 174, ¢, é, @-) 

The labyrinth is the true ear, all the other portions being merely 
accessories by which the sonorous 
undulations are propagated to the 
nerves of hearing contained in the 
Jabyrinth, which is excavated in 
the hardest mass of bone found in 
the whole body. Fig. 175 repre- 
sents the labyrinth on an enlarged 
scale, and partially open. 

The labyrinth is filled with a 
liquid substance, through which the 
nerves of hearing are distributed. When the membrane of the drum 
of the ear is made to vibrate by the undulations of sound striking 
against it, the vibrations are communicated to the little chain of bones, 
which in turn, striking against a membrane which covers the external 
opening of the labyrinth, compresses the liquid contained in it. This 
action, by the law of fluid-pressure, is communicated to: the whole 
interior of the labyrinth, and consequently to all portions of the audi- 
tory nerve distributed throughout it: the nerve thus acted upon con- 
veys an impression to the brain. 

The several parts of the labyrinth consist of what is called the 
vestibule, ¢; three semicircular canals, c, imbedded in the hard bone; 
and a winding cavity, called the cochlea, d, like that of a snail-shell, 
in which fibers, stretched across like harp-strings, constitute the Zyra. 
This lyra consists of about three thousand fibers. If a piano be 
opened, and a vowel-sound be spoken in a clear, loud voice over the 
strings, certain strings, which are capable of producing the sounds of 
which the vowel-sound is composed, will respond. In like manner it 
is supposed these fibers are acted upon by sound-waves; each sound 
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setting in vibration some particular fiber, which in turn communicate 
sensation to the brain. $ 
The separate uses of the various parts of the ear are not yet fully 

known. The membrane of the tympanum may be pierced, and th 
chain of bones may be broken, without entire loss of hearing, ; 
What are 393. In the hearing apparatus of the lower Orders of 
peculiarities animals, all the parts belonging to the human ear do not 
of thehear- exist. In fishes the ear consists only of the labyrinth - 
P) 


ing appara- ‘ ; ; : 
pactintthe and in lower animals the ear is simply a little membra, 


lower nous cavity filled with fluid in which the fibers of 4] 
animals ? : y 
nerves of the hearing float. 


et sa | 304 All persons can not hear sound 

sonshear alike. In different individuals the sensj- 
sound alike ? sate 5 ‘ 

bility of the auditory nerves varies greatly, 

395. Ihe whole range of human hearing, from the 


Whatisthe lowest note of the organ to the highest 


range of 
human 


hearing ? includes about nine octaves. 

396. In the human system the parts concerned in 
Whatare tue production of speech and music are 
the organs three, — the windpipe, the larynx, and the 

glottis. 

397. The windpipe is a tube extending from one 
Whatisthe e€xtremity of the throat to the other, which 
windpipe?' ~~ terminates in the lungs, through which the 
air passes to and from these organs of respiration. 

398. The larynx, which is essentially the organ 
Whatisthe Of speech, is an enlargement of the upper 
Layne f part of the windpipe. The larynx termi- 
nates in two lateral membranes which approach near 
to each other, having a little narrow opening between 
them called the glottis. The edges of these mem- 
branes form what are called the vocal chords. 


known cry of insects, as of the cricket, 
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399. In order to produce voice, the air expired 
from the lungs passes through the wind- eee 
pipe and out at the larynx, through the voice pro- 
opening between the membranes, the glot- oe 


tis: the vibration of the edges of these membranes, 


caused by the passage of air, produces sound. The 
organs of the voice produce sound on the same prin- 
ciples as a reed-instrument. 


By the action of muscles we can vary the tension of How can the 
: tones of the 

these membranes, and make the opening between them ae ey ere 

Jarge or small, and thus render the tones of the voice dered grave 


grave OF acute. or acute ? 


4oo. The loudness of the voice depends mainly 
upon the force with which the air is ex- yoon what 


pelled from the lungs. does the 


loudness of 
the voice 


The force which a healthy chest can exert in blowing donenae 


is about one pound per inch of its surface; that is to 
say, the chest can condense its contained air with that force, and can 
plow through a tube, the mouth of which is ten feet under the surface 


‘ of water. 


Coughing, sneezing, laughing, and crying are due to the sudden 
expulsion of air from the lungs. 

4o1. Sound, to some extent, appears to always accompany the liber- 
ation of compressed air. An example of this is seen in : 

hich if h bullee Does sound 
the report which a pop-gun makes w en a paper bullet -enerally 
is discharged from it. The air confined between the accompany 
paper bullet and the discharging-rod is suddenly liber- penerage et 
ated, and strikes against the surrounding air, thus caus- He ere a 
ing a report in the same manner as when two solids 
come into collision. In like manner an inflated bladder, when burst 
open with force, produces a sound like the report of a pistol. 

402. The sound of falling water appears in a great measure to be 
owing to the formation and bursting of bubbles. When «, whatis 
the distance which water falls is so limited that the end the sound of 
of the stream does not become broken into bubbles and eae water 
drops, neither sound nor air-bubbles will be produced; "© 
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but, as soon as the distance becomes increased to a sufficient extent to 
break the end of the column into drops, both air-bubbles and sounds 
will be produced. 

Insects generally excite sonorous vibrations by the fluttering o¢ 
their wings, or other membranous parts of their structure. 


Practical Questions in Acoustics. 


1. The flash of a cannon was seen, and ten seconds afterward the report was 
heard: how far off was the cannon ? 

2. At what distance was a flash of lightning when the flash was seen seven seconds 
before the thunder was heard ? 

3. How long after a sudden shout will an echo be returned from a high wall 
feet distant ?. 

4. A stone, being dropped into the mouth of a mine, was heard to strike the bottom 
in two seconds : how deep was the mine ? a te: 

5. A certain musical string vibrates one hundred times in a second: how many 
times must it vibrate in a second to produce the octave ? 

6. To produce a given note, a string’makes sixty-four vibrations in a second : what 
is the length of the sound-wave in feet ? . 

7- The circumference of a wheel has seventy-five teeth which strike against an 


> I,I20 


elastic strip. Find the number of vibrations per second of the sound produced when * 


the wheel rotates four times per second. 


CHAPTER XI. 


HEAT. 


403. Heat is a physical agent, known only by its 
effects upon matter. In ordinary language whatis 
we use the term “heat” to express the Pst? 
sensation of warmth. 

404. The quantity of heat observed in different 
substances is measured, and its effects On pow is heat 
matter estimated, only by the change in ™easured? 
bulk, or appearance, which different bodies assume, 
according as heat is added or subtracted. 

4os. The degree of heat by which a body is 
affected, or the sensible heat a body con- whatis 
tains, is called its Temperature. temperature? 

406. Cold is a relative term, expressing only the 
absence of heat in a degree; not its total whatis 
absence, for heat exists always in all °° 
bodies, and, so far as we know, without limits. 


Ice contains heat in large quantities. Sir Humphry Davy, by 
friction, extracted heat from two pieces of ice, and quickly melted 
them, in a room cooled below the freezing-point, by rubbing them 
against each other. 


407. The tendency of heat is to diffuse In what 


: 5 . manner does 
or spread itself among all neighboring heat diffuse 


: ° or spread 
substances until all have acquired the ee 


same or a uniform temperature. 
229 
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A piece of iron thrust into burning coa’s becomes hot among them 
because heat passes from the coals into the iron, until the metal had 
acquired an equal temperature. 


408. When the hand touches a body having a 
Whendo . Higher temperature than itself, we cal] it 
we calla hot, because, on account of the law that 
body hot ? “ ‘ i 

heat diffuses itself among neighboring 
bodies until all have acquired the same temperature, 
heat passes from the body-of higher temperature to 
the hand, and causes a peculiar sensation which we 
call warmth. | 


409. When we touch a body having a temperature 
we ap lower than the hand, heat, in accordance 
pecs! oe with the same law, passes out from the 

hand to the body touched, and occasions 
the sensation which we call cold. 


There cannot be a more fallacious method of estimating heat than 
by the touch, which does zo¢ inform us directly of temperature, but of 
Under what “46 “@#¢ at which our finger gains or loses heat. 
ciccuns. A body may feel hot and cold to the same person at 
Stancesmay the same time. Thus, if a person transfer one hand to 
tee ee q common spring-water immediately after touching ice, 
tothesame to that hand the water would feel very warm; while the 
Person at the other hand, transferred from warm water to spring-water, 
= ne? wouldifeel a sensation atceld. 


Has'heat 410. Heat is imponderable, or does not 
weight? __ possess any perceptible weight. 


Tf we balar.ce a quantity of ice in a delicate scale, and then leave it 
to melt, the equilibrium will not be in the slightest degree disturbed. 
If we substitute for the ice boiling water or red-hot iron, and leave 
this to cool, there will be no difference in the result. Count Rumford, 
having suspended a bottle containing water, and another containing 
alcohol, to the arms of a balance, and adjusted them so as to be 
exactly in equilibrium, found that the balance remained undisturbed 
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hen the water was completely frozen, though the heat the water had 
wne 


+ must have been more than sufficient to have made an equal 
los 
weight of gold red-hot. 


All. Heat is supposed to be the effect of a species 


of motion, like a vibration or undulation, what is 


5 : : known of 
foduced in the constituent.particles of Ooi. 


P : of heat ? 
bodies. 


When one end of a bar of iron is thrust into the fire, and heated, 
the other end soon becomes hot also. The heat of the a ae 
municates to the particles of the tron themselves certain e ratory 
motions, which motions are gradually transmitted in every direction 
by means of a subtile fluid called ether, which is supposed to per- 
yade all matter, and produce the sensation of heat in the same ee 
that the undulations or vibrations of air produce the sensation o 


sound. oe i 
412. The relation between heat and light is a very intimate one. 


eat exists without light, but all the ordinary SOUFCES JW ot rela- 
of light are also sources of heat; and by whatever Artin eee eee 
ficial means natural light is condensed, so as to Increase between nee: 
its splendor, the heat which it produces is also, at the @0° "8 
same time, rendered more intense. | 

413. When a body, naturally incapable of emitting 
light, is heated to a sufficient extent tO whenisa 

: By = body incan- 

become luminous, it is said to be incan- fedearaet? 

| ion ignited ? 
descent, or ignited. g 


Luminous heat is heat issuing from a luminous or incandescent 
source; as from the flame of a lamp, or from the sun. Obscure heat 
is heat given out by a non-luminous source; as by a vessel of boil- 


ing water, or by the earth. 

414. Flame is ignited gas issuing from a burning 
body. Fire is the appearance of heat and ., 
light in conjunction, produced by the com- Heanecke 
bustion of inflammable substances. 


The ancient philosophers used the term “fire” as a characteristic 






















































































































































































































































































































































































230 NATURAL PHILOSOPHY. 


of the nature of heat, and regarded it as one of the four eleme 
nature; air, earth, and water being the other three. 

Heat, and the attraction of cohesion, act constantly in OPPOsition 
to each other: hence, the more a body is heated, the less will be the 
attractive force between the particles of which it is composed, 


nts of 


SECTION I. 


SOURCES OF HEAT. 


415. Four great sources of heat are recognized. 


What are They are. (1) the sun ;°(2) the interior of 
ee tne carth (3) mechanical actiont (4) 


heat ? chemical action. 


Whatis the 416. The greatest natural source of heat 


greatest nat- j; AERO 
ese =~.18 the sun, as it is also the greatest nature 


of heat ? ral source of light. 


The sun is supposed to be an enormous solid or liquid body 
What is the invested with an atmosphere of flame. The amount of 
supposed heat received from the sun by the earth in one year is 
state of capable of melting a mass of ice sufficient to envelop 
the sun? the globe to the depth of one hundred feet. The earth 
receives but the s;3gq55509 Part of the total amount of heat emit- 
ted by the sun; and this amount is further lessened by the absorption 
of the heat by the earth’s atmosphere, which at times amounts to 
as much as twenty-five per cent. 

Exactly what the temperature of the sun is, phiiosophers are unable 
to say; one fixing it at many millions of degrees, another at only a few 
thousand degrees, or no hotter than many of our terrestrial sources of 
heat. | 

Although the quantity of heat sent forth from the sun is immetse, 
its rays, falling naturally, are never hot enough, even in the Torrid 
Zone, to kindle combustible substances. By means, however, of a 
burning-glass, the heat of the sun’s rays can be concentrated or bent 
toward one point, called a focus, in sufficient quantity to set fire to 
substances submitted to their action. 
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AIT. Owing to the position of the earth's axis, the 


relative amount of heat received from the 
sun is always greater in some portions of 
the earth than at others, since the rays of 
the sun always fall more directly upon the 
central portions of the earth than they do 


at the poles, or extremities ; and the great- 


Why is the 
relative heat 
of the sun 
always 
greater in 
some por- 
tions of the 
earth than 
at others ? 


est amount of heat is experienced from the rays of 
the sun when they fall most perpendicularly. 


The heat of the sun is greatest at noon, because for 
the day the sun has reached the highest point in the 
heavens, and its rays fall more perpendicularly than at 
any other time. 


Why is the © 
heat of the 
sun greatest 
at noon? 


For a like reason we experience the extremes of temperature, dis- 


tinguished as summer and winter. In summer the posi- 
tion of the sun in relation to the earth is such, that, 
although more remote from the earth than in winter, its 
rays fall more perpendicularly than at any other season, 
and impart the greatest amount of heat; while in win- 
ter the position of the sun is such that its rays fall more 


. 


What occa- 
sions the 
difference in 
temperature 
in summer 
and winter ? 


obliquely than at any other time, and impart the smallest amount of 
heat. The sun, moreover, is longer above the horizon in summer than 


in winter, which also prcduces a corresponding effect. 


Let us suppose A BCD, Fig. 176, to represent a portion of the 


sun’s rays, and C D a portion of 
the earth’s surface upon which 
the rays fall perpendicularly, and 
C E portions of the surface upon 
which they fall obliquely. The 
same number of rays will strike 
upon the surfaces C D andC E, 


AN 
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but, the surface C E being greater than C D, the rays will necessa- 
rily fall more densely upon the latter ; and, as the heating power must 
be in proportion to the density of the rays, it is obvious that C D will 
be heated more than C E, in just the same proportion as the surface 
~C E is more extended. But, if we would compare two surfaces upon 
neither of which the sun’s rays fall perpendicularly, let us take C E 
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and C F. They fall on C E with more obliquity than on Cour bus 
C E is evidently greater than C F, and therefore the rays, bein 
diffused over a larger surface, are less dense and therefore less effec. 
tive in heating. 

418. The average temperature of the globe is placed at 50° (Fahren, 
What arethe heit’s scale). The extremes of natural temperature are 
extremes of 70° below zero, and 120° above ‘Z€r0; Of artificia] heat 
eae pare 220° below zero, and 36,000° above zero. It is estimated 
absolute zero that at the temperature of 459° below zero (Fahrenheit, 
of tempera- scale), no heat would remain; that is, all molecular 
ture? motion would cease. Since it is not possible to reach 
this temperature, it is an ideal point, known as the absolute Zero of 
temperature. 
ae 419. The rays of the sun falling upon: land are 
depthinthe rested, and their influence extends to a distance which 
earth does _—- varies from fifty to one hundred feet; but falling on 
ne pret of = water they penetrate to a considerably greater depth, 
etend? In clear water this depth is estimated to be about six 

hundred feet. 
Howido we 420. Independently of the sun, the earth is a source 
know that of heat. The proof of this is to be found in the fact, 
theearthis that as we descend into the earth, and pass beyond the 
spies limits of the influence of the solar heat, the tempera- 
ture constantly rises. 


Di ahae te. Le increase of temperature observed as 


doesthetem- we descend into the earth is about one 
perature of 


theearth degree of the thermometer for every fifty 
increase ? 
feet of descent. 


Supposing the temperature to increase according to this ratio, at 
the depth of two miles water would be converted into steam ; at four 
miles tin would be melted; at five miles, lead; and at thirty miles 
almost every earthy substance would be reduced to a fluid state. 

The internal heat of the earth does not appear to have any sensible 
effect upon the temperature at the surface, being estimated at less than 
wz of a degree. The reason why such an amount of heat as is sup- 
posed to exist in the interior of the earth does not more sensibly affect 
the surface is because the materials of which the exterior Strata or 
crust of the earth is composed do not readily conduct it to the surface 
from the interior. 
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a1. Many bodies, when their original constitution 
altered, either by. the abstraction OF 77.4 4. 
; hemical 
ome of their component parts, or by the shames 


f other substances not before in source of 
heat? 


1 


s 

dition O . 
Be ination with them, evolve heat while 
c 


change is taking place. , 
2 such cases the heat is said to be due to chem- 


ical action. 


We apply the term chemical action to those operations, whatever 


they may be, by which the form, solidity, color, taste, ree 
ell, and action of substances become changed, so chemical 
Pe . Bc bodies, with quite different properties, are action? 


d from the old. 
Se familiar illustration of the manner in which heat is evolved by 


hemical action is to be found in the experiment of pouring cold water 
: on quick-lime. The water and the lime combine together, and in so 
u 
Fling liberate a great amount of heat, sufficient to set fire to combus 


tible substances. 


422. Heat is always evolved when a fluid is trans- 
formed into a solid, and is always absorbed — 
when a solid is made to assume a fluid aitectoa ey 
condition. As water is changed from its eee. 
liquid form when it is taken up by quick- matter? 


lime, therefore heat is given off. 


The heat produced by the various forms of combustion is the 
result of chemical action. 


423. When electricity passes from one substance 


which serves tO Under what 
to another, the medium poses 


conduct it is very frequently heated; the tances is 


5 : : electricity 
heat produced is due to chemical action. ¢C7 ut 


Electricity is the force which presides over of heat? 
its distribution. 
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The greatest known heat with which we are acquainted is thus 
duced by the agency of the electric or galvanic current. Ajj knot 
substances can be melted or volatilized by it. | NG 

Heat so developed has not been employed for practical or eco 
ical purposes to any great extent; but for philosophical experi 
and investigations it has been made quite useful. 


424. Most living animals possess the property of 
Sees maintaining in their systems an €quable 
meant by temperature, whether surrounded by } 
vital heat ? : ¥. Rode 

ies that are hotter or colder than they are 
themselves. The cause of this is due to the action 
of vital heat, or the heat generated or excited by the 
organs of a living structure. 


hom. 
Ments 


The following facts illustrate this principle: The explorers of the® 


_ Arctic regions, during the polar winter, while breathing air that froze 
mercury, still had in them the natural warmth of 98° Fahrenheit 
above zero; and the inhabitants of India, where the same thermome. 
ter sometimes stands at 115° in the shade, have their blood at no 
higher temperature. Again, the temperature of birds is not that of 
the atmosphere, nor of’ fishes that of the sea. 

The cause of animal heat is undoubtedly chemical action. The 
Whatisthe Oxygen of the atmosphere, when inhaled by the lungs, 
cause of unites with certain constituents of the blood, and pro- 
vitalheat? = quces heat. Itis a process of combustion. The animal] 
body is like a machine. It consumes food, which serves as fuel, and 
produces force. But it differs from a machine in the respect that it 
also furnishes the material for repair. 

Growing vegetables and plants also possess, in a degree, the prop- 
Do plants erty of maintaining a constant temperature within their 
possess this structure. The sap of trees remains unfrozen when the 
BEODEIt ys temperature of the surrounding atmosphere is many 
degrees below the freezing-point of water. 

This power of preserving a constant temperature in the animal 
structure is limited. Intense cold, suddenly coming upon a man who 
has not sufficient protection, first causes a sensation of pain, and then 
brings on an almost irresistible sleepiness, which, if indulged in, proves 
fatal. A great excess of heat also can not long be sustained by the 
human system. 


natural 
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h species of animal and vegetable appears to have a temperature 
and peculiar to itself; and from this diversity different races 
d for different portions of the earth’s surface. Thus the 
d the bird of paradise are confined to warm latitudes ; 
‘ne-tree and the Arctic bear, to those which are colder. 

ee rhen animals and plants are removed from their peculiar and 
districts to one entirely different, they cease to exist, or change 
racter in such a way as to adapt themselves to the climate. 
ions of this, we find that the wool of the northern sheep 
hanges in the tropics to a species of hair. The dog of the Torrid 
: LE . nearly destitute of hair. Bees transported from the north to 
a region of perpetual summer cease to lay up stores of honey, and 
jose in a great measure their habits of industry. ee 

Man alone is capable of living in all climates, and of migrating 
freely to all portions of the earth. | 

Of all animals birds have the highest temperature ; mammalia, or 
those which suckle their young, come next; then amphibious animals, 
fishes, and certain insects. Shell-fish, worms, and the like, stand low- 
est in the scale of temperature. The common mud-wasp, in its chrysa- 
lis state, remains unfrozen during the most severe cold of a northern 
winter; the fluids of the body instantly congeal, however, ina freezing 
temperature, the moment the case or shell which incloses it 1s 


Fac 
natural 
are fitte 


orangetree an 


their cha 
As ill ustrat 


crushed. 


of heat How is 
425- Another important source wach Gavel 


‘+s mechanical action, heat being produced action a 
source of 


by friction, and by the condensation OF heat? 
compression of matter. 


Savage nations kindle a fire by the friction of two pieces of dry 
wood; the axles of wheels revolving rapidly frequently auaae 
become ignited; and, in the boring and turning of metal, siustrations 
the chisels often become intensely hot. In all these of the — 
cases, it was believed that the friction of the surfaces of ee 
wood or of metal in contact disturbed the latent heat fiction? 
of these substances, and rendered it sensible. ; 

The following interesting experiment was made by Count Rumford, 
to illustrate the effect of friction in producing heat: A borer was made 


to revolve in a cylinder of brass, partially bored, thirty-two times in a 


minute. The cylinder was inclosed in a box containing eighteen 














































































































































































































































































































































































































236 NATURAL PHILOSOPHY, 


pounds of water, the temperature of which was at first 60° 
an hour to 107°; and in two hours and a half the water boiled, 

Air does not appear to be necessary to the production 
Sdepiae by the friction of solid bodies, since heat is prod 
sary forthe ‘friction within a vacuum. 
production It was formerly supposed that solids a 
cali develop heat by friction; but récent experi 

proved, beyond a doubt, that heat is also 
the friction of fluids. 

426. Thus mechanical motion may be transformed into heat. But 
heat is likewise capable of being changed into mechanical motig 
is seen in the steam-engine, in which heat applied to water Senerates 
motion. The law which expresses the relation between heat and me. 
chanical action may be thus enunciated : — 


of heap 
Uced by 3 


lone cout 


generated by 


Heat and energy are mutually convertible; and heat 


Wibas is requires for its production, and produces 
oule’s 


Equivalent? by its disappearance, mechanical energy in 
the ratio of 772 foot-pounds for every thermal unit, 


That is, the quantity of heat which is necessary to raise the temper. 
ature of one pound of water through one degree Fahrenheit can raise 
a weight of 772 pounds through one foot from the surface of the earth, 
This law, from the name of the discoverer, has been called Joule’s 
Equivalent. 

The mechanical equivalence of heat and motion enables us to 
explain many common phenomena. No machine, we have said (Sect. 
155), can be made to transmit the whole amount of force imparted to 
it by the moving power. The portion of the mechanical energy sup- 
plied to the machine that is wasted is expended in overcoming fric- 
tion. Whenever motion is produced in opposition to friction, the 
mechanical energy expended in producing these effects is lost to the 
purposes of the machine; but the heat evolved is its representative. 
A falling body, on striking the earth, loses its motion, but produces its 
equivalent in heat. Iron may be made red-hot by striking it with a 
hammer. The hammer, on reaching the piece of iron, is arrested, but 
its force is not destroyed. It has transferred motion tothe molecules 
of the mass of iron, and this molecular motion is rendered perceptible 
to the proper nerves as heat. Thus heat is a kind of molecular mo- 
tion, and may be generated alike by friction, percussion, or compres: 
sion, as well as by combustion. 


ments haya aa 


nN, as 4q 


me it tr 
~ subs 


SECTION II. 


COMMUNICATION OF HEAT. 


: 1 How may 
A427: Heat may be communicated in heat be com- 


hree ways, — by Conduction, by Convection, municated? 
thre , 


nd by Radiation. : 
3 28, Heat is communicated by conduction when 
avels from particle to particle of the powis heat 
tance, as from the end of the iron bar Sateila 
Jaced in the fire, to that part of the bar conduction? 
2 remote from the fire. — | 

429. Wher heat is communicated by being carried 
py the natural motion of a substance con- wat is 
taining it to another substance or place, convection? 
as when hot water resting upon the bottom of a ket- 
tle rises, and carries heat to a mass of water through 
which it ascends, the heat is said to be communicated 
by convection. ee 

430. Heat is communicated by radiation when it 
leaps, as it were, from a hot to a cold What is 
body through an appreciable interval of ato 
space; as when a body is warmed by , 
placing it before a fire removed to a little distance 
from it. : 

In each of these three cases, the temperatures of the hot and cold 
bodies tend to become equal. 

431. A heated body cools itself, first by giving off 
heat from its surface, either by conduction ,, cca 
or radiation, or both conjointly ; and, sec- Heated body 
ondly, by the heat in its interior passing 















































































































































































































































































































































































































































NATURAL PHILOSOPHY. 


from particle to particle by conduction through it 


substance to the surface. A cold body, on the cos 4 


trary, becomes heated by a process directly the re. 
verse of this. . 

432. Different bodies exhibit a very great deotes 
Do ail toares) OF lifflerence in the.facility with which 
conductheat they conduct heat: some substances Op- 
equally well ? : : ° : 

pose very little impediment to its passage, 
while through others it is transmitted slowly, 

433. “All bodies are divided into two classes jp 
Whatere respect to their conduction of heat; viz, 
poncaciors into conductors and non-conductors. The 
conductors former are such as allow heat to pasgg 
ei beats freely through them; the latter comprise 
those which do not give an easy passage to it. 

Dense solid bodies, like the metals, are the best 
conductors of heat; * light, porous substances, more 
especially those of a fibrous nature, are the worst 
conductors of heat. : 


The different conducting power of various solid substances may be 
strikingly shown by taking a series of rods of equal length and thick- 
ness, coating one of their extremities with wax, and placing the other 
extremities equally in a source of heat. The wax will be found to 
entirely melt off from some of the rods beforeit has hardly softened 
upon others. | 


* The following table exhibits the relative conducting powers of different sub- 
stances ; the ratio expressing the conducting power of silver being taken at 100: — 


Silvera a. We ech ze wr ee TOO'O WITOM IE ands Pte Mat Not ee 11.9 
Copperas: sk va dea ve. lor § oRegG OM Kttee liners Rune) Be eae lay arcs 
Golde 9. Se ish. sso uae pate es alccady: nurs Barn tener ae ee Boe 
LANG Gok Meta are es has a eA ONG 9 eh latinuEiee Be Stee ee eo ae 
iiss ic Oe tis ee coe pee ee Cb Isii th ness eee el eee 1.9 
The metals in this table conduct electricity in the same order: silver being the best 
conductor, and bismuth the poorest. 


of heat. 
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34. Liquids are almost absolute non-conductors 


4 


Were 


\ 
\ 4 —LY4, 
AW. 2 at 
RY DUA way 
: AM of 
» e A 


1f a small quantity of alcohol be poured on « 


the surface of water, and inflamed, What is the 


st will continue to burn for some conducting 
i 


time. (See Fig. 177.) Athermom. power of 


liquids ? 
eter, immersed ata smalldepthbe- “4 


Jow the common surface of the spirit and the wa- 
ter, will fail to show any increase In temperature. 

If a tube nearly filled with water 1s held over 
g spirit-lamp, as in Fig. 178, in such a manner 
as to direct the flame against the upper layers = 
of the water, the water will be observed to boil 
at the top, but remain cool below. If quick- 
silver, on the contrary, be so treated, its lower 
jayers will speedily become heated. The particles of mercury will com- 
municate the heat to each other, but the particles of water will not do so. 

A stone or marble hearth in an apartment feels colder to the feet 

than a woolen carpet or 

hearth-rug, not because eee 

the one is hotter than oy; marble 

the other, for both are hearth feel 
colder than 

really of the same tem a carpets 

perature, but because the “ 

stone and marble are good conductors, 

and the woolen carpet and hearth-rug 

very bad conductors. : 

Most varieties of wood are bad conductors of heat: hence, though 
one end of a‘stick is blazing, the other end may be quite cold. 
Cooking-vessels, for this reason, are often furnished with wooden 
handles, which conduct the heat of the vessel too slowly to render 
‘ts influx into our hands painful. For the same reason we use paper 
or woolen kettle-holders. 


qui" 


435. Bodies in the gaseous or aériform condition 
are more imperfect conductors of heat oat 
ones : 1 ig extent do 
than liquids. Common air, especially, is eae 


one of the worst conductors of heat with bodies con 
° duct heat 
which we are acquainted. | 






























































































































































































































































































































































































































































240 NATURAL PHILOSOPHY, 


436. Air is, however, readily heated by Convection, 
Sa Thus, when a ti f ai . 
H is ai ’ Oortion OL al F 
peaae P cay COMIN gay 
parted to it, it expands, and, becoming relat; 


e Q v 
lighter than the other portions around it, rises a 


cp 


ward in a current, carrying the heat with it- oth 
colder air succeeds, and (being heated in a simifen 
way) ascends also. A series of currents are thas 
formed, which are called “convective currents.” 


In this way air, which is a bad conductor, rapidly reduces the t 
perature of a heated substance. If the air which incases the heat 
substance were to remain perfectly motionless, it would soon bed 
by contact, of the same temperature as the body itself, and the a 
drawal of heat would be checked; but, as the external air iS ney 
perfectly at rest, fresh and colder portions continually replace 
succeed those which have become in any degree heated, and thus a 
abstraction of heat goes on. : 

For this reason a windy day always feels colder than a calm da of 
the same temperature, because in the former case the particles of 
pass over us more rapidly, and every fresh particle takes some portion 
of heat. 

Woolens and furs are used for clothing in cold weather, not because 
Why arefurs ‘hey impart any heat to the body, but because they are 
and woolens_ very bad conductors of heat, and therefore prevent the 
used a warmth of the body from being drawn off by the cold 

air, The heat generated in the animal system by vital 
action has constantly a tendency to escape, and be dissipated at the 
surface of the body; and the rate at which it is dissipated depends on 
the difference between the temperature of the surface of the body and 
the temperature of the surrounding medium. By interposing, how- 
€ver, a non-conducting substance between the surface of the body and 
the external atmosphere, we prevent the loss of heat which would 
otherwise take place to a greater or less degree. 

The warmest clothing is that which fits the body rather loosely 
because more hot air will be confined by a moderately loose poriient 
than by one which fits the body tightly. 

Blankets and warm woolen goods are always made with a nap or 


contact with a heated body has heat in 


241 


rojection of fibers upon the outside, in order to take advantage of 

this principle. The nap or fibers retain air among them, which, from 
its non-conducting properties, serves to increase the warmth of the 
material. 

Woolen substances are worse conductors of heat than cotton, cot- 
ton than silk, and silk than linen. 

The finer the fibers of hair or wool, the more closely they retain 
the air enveloped within them, and the more impermea- what influ- 
ble they become to heat. In accordance with this prin- ence has the 
ciple, the external coverings of animals vary not only Tone 
with the climate which the species inhabit, but also in upon the 


e same individual ‘they change with the season. In warmth of 


th ; 
a material ? 


warm climates the furs are generally coarse and thin; 
while in cold countries they are fine, close, light, and of uniform tex- 
ture, almost perfect non-conductors of heat. . 

We have illustrations of this principle also in the vegetable king: 
dom. The bark of trees, instead of being compact and hard like the 
wood it envelops, is porous, and formed of fibers, or layers; which, by 
‘cluding more or less of air between their surfaces, are rendered 
non-conductors, and prevent the escape of heat from the body of the 
tree. 

An apartment is rendered much warmer for being furnished with 
double doors and windows, because the air confined between the two 
surfaces opposes both the escape of heat from within, and the admis- 
sion of cold from without. 

Asa non-conducting substance prevents the escape of heat from 
within a body, so it is equally efficacious in preventing the access of 
heat from without. In an atmosphere hotter than our bodies, the 
effect of clothing would be to keep the body cool. Flannel is ‘one of 
the warmest articles of dress, yet we can not preserve ice more effectu- 
ally in summer than by enveloping it in its folds. Firemen exposed 
to the intense heat of furnaces and steam-boilers invariably protect 
themselves with flannel garments. 

Cargoes of ice shipped to the tropics are generally packed for 
preservation in sawdust: a casing of sawdust is also one of the most 
effectual means of preventing the escape of heat from the surfaces of 
steam-boilers and steam-pipes. Straw, from its fibrous character, is 
‘an excellent non-conductor of heat, and is for this reason extensively 
used by gardeners for incasing plants and trees which are exposed to 
the extreme cold of winter. 
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437. The so-called “fire-proof” safes are generally constr 
Git otk double or treble walls of iron, with intervenin 
npepree This lining, which is a most perfect non-conducto 
i ae vents the heat from passing from the exterior of ¢ 

to the books and papers within. The idea of a 
“plaster of Paris” in this way for the construction of safes orj 
in the first instance, from a workman attempting to heat water ip a ti 
basin, the bottom and sides of which were thinly coated with this sul 
stance. The non-conducting properties of the plaster were so ores 
as to almost entirely intercept the passage of the heat; and the man 
to his surprise, found that the water, although directly over the fires 
did not get hot. : 3 1 

Snow protects the soil in winter from the effects of cold in the 
foe anes same way that fur and wool protect animals, and cloth- 
snow protect Ing man. Snow is made up of an infinite number of 
the earth little crystals, which retain among their interstices Q 
from cold? large amount of air, and thus contribute to render it 7 
non-conductor of heat. A covering of snow also prevents the earth 
from throwing off its heat by radiation. The temperature of the 
earth, therefore, when covered with snow, rarely descends much below 
the freezing-point, even when the air is fifteen or twenty degrees 
colder. Thus roots and fibers of trees and plants are protected from 
a destructive cold. 

The aqueous vapor in the atmosphere, by. preventing the too rapid 
radiation of heat by the earth, is supposed to have the same effect. 


Yr, pre. 
he Safe 
Pplying 


438. It has been already stated that liquids and 


gases are non-conduciors of heat, and can not well 


be heated, like a mass of metal, or any solid, by the 
communication of heat from particle to particle. 
439. When the heat enters at the bottom of a ves- 
Bent sel containing water, a double set of cur- 
eee hits is immediately established, —one of 
ee. hot particles rising toward the surface, 
and the other of colder particles descending to the 
bottom. The portion of liquid which receives heat 


By 


Ucted of | 
a other parts, 


f § SPacec 
principle are between them filled with gypsum, or “ plaster of Pari 


ginatéq, 
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om below is thus continually diffused through the 


and the heat is communicated by the 
motion of the particles among 


each other. 


These currents take place so rap- 
that if a thermometer be placed at 
the bottom and another at the top of 
a long Jat the fire being applied below, 
the upper one will begin to rise almost 
as soon as the lower one. The mov €- 
ment of the particles of water in boil- 
ing will be understood by reference to 
Fig. 179: They may be rendered visible 
py adding to a flask of boiling water a 
few small particles of bituminous coal, 
or flowers of sulphur. 
Heat, however, passes by conduction 
between the particles of both liquids and 
gases, but to such a slight extent that 
they were for a long time regarded as entirely incapable of conduct- 


ing heat. 


idly, 


44o. The process of cooling in a liquid is directly 
the reverse of that of heating. The parti- in what 


cles at the surface, by contact with the Sita is 


air, readily lose their heat, become heav- cooled? 
ier, and sink, while the warmer particles below in 


turn rise to the surface. 


To heat a liquid, therefore, the heat should be applied at the bot- 
tom of the mass; to cool it, the cold should be applied at the top, or 
surface. 

The facility with which a liquid may be heated or cooled depends 
in a great degree on the mobility of its particles. Water may be 
made to retain its heat for a long time by adding to it a small quantity 
of starch, the particles of which, by their viscidity or tenacity, prevent 
the free circulation of the heated particles of water. For the same 











































































































































































































































































































































































































244 NATURAL PHILOSOPHY, 


reason soup retains its heat longer than water, and al] thic 
like oil, molasses, tar, &c., require a considerable time for coolj 
441. When the hand is placed near a hot body suspentcanm 
Explain the ir, a sensation of warmth is perceived, even for i ue 
Baeupmens: siderable distance. If the hand be held beneath ail 
body, the sensation will be as great as upon the aoa 
although the heat has to shoot down through an opposin — 
air approaching it. This effect does not arise from the heat be 
veyed by means of a hot current, since all the heated particles } 
uniform tendency to rise; neither can it depend upon the cond : 
power of the air, because aériform substances possess that power aie 
very low degree, while the sensation in the present case is a ia 
almost on the instant. This method of distributing heat, to ice 
guish it from heat passing by conduction or convection, is orlile aati 
tion; and heat thus distributed is termed radiant, or radiated Ke . 
In order to account for this transfer of heat, the existence « 
subtile imponderable ether is assumed. This ether pervades all matt , 
and is the medium by which light and heat are propagated. J], % 
heated body the molecules are in a state of rapid vibration. ae. i 
vibrations are communicated to the ether, which in turn sets the ner ‘ 
of the body vibrating, and excites the sense of heat. __ _ 


Ing Con- 


442. All bodies radiate heat in some méasure, but 
Do all bodies Ot all equally well; radiation being in 
radiateheat proportion to the roughness of the radiat- 


equally well? 
ing surface. All dull and dark substances 


are, for the most part, good radiators of heat; but 
bright and polished substances are generally bad 
radiators.* Color, however, alone, has no effect on 
the radiation of heat. 


Tf a metal surface be scratched, its radiating power is increased. 
A liquid contained in a bright, highly-polished metal pot will retain 
its heat much longer than in a dull and blackened one. If we cover 
the polished metal surface with a thin cotton or linen cloth, the radia- 
tion of heat, and consequent cooling, will proceed rapidly. 


xT , ; 
The radiant power of lamp-black being taken at 100, it has been found that of 


white lead was 100; of paper, 98; of gl : Sen 
3 : , 98; of glass, 90; of Indian ink, 85; e . 
17; polished gold, 3. : y Soe BEE ae 72 aecck 


k liquids 


_ space 1s, in all probability, the same as the velocity of 


HEAT. | 2A5 


Black lead is one of the best known radiators of heat, and on this 
count is generally employed for the blackening of stoves and hot- 
ques. AS a high polish is unfavorable to radiation, stoves should 
a pe too highly polished with this substance. 
os Heat radiated from the sun is all radiant heat. 


3, Heat is propagated through space by radia- 


imistraight lines, and its intensity 7 202 
1s nea 


according to the same law which propagated 
by radiation? 


44 
tion 
yarles 
governs the attraction of gravitation; that 


is, inversely as the square of the distance. 


Thus the heating effect of any hot body is nine times less at three 
feet than at one; sixteen times less at four feet; and With what 
twenty-five times less at five. velocity does 


The velocity with which radiant heat moves through radians heat 
MOvVve: 


light. 
444. The radiation of heat goes on at all times, 
and from all surfaces, whether their tem- pos radia- 


perature be the same, or different from tion proceed 
constantly 


that of surrounding objects: therefore the from all 
temperature of a body falls when it radi- Poe 
ates more heat than it absorbs; its temperature is 
stationary when the quantities emitted and received 
are equal; and it grows warm when the absorption 
exceeds the radiation. 


If a body, at any temperature, be placed among other bodies, it 
‘will affect their condition of temperature, or, as we express it, ther- 
mally, just as a candle brought into a room illuminates all bodies in 
its presence; with this difference, however, that, if the candle be ex- 
tinguished, no more light is diffused by it, but no body can be ther- 
mally extinguished. All bodies, however low be their temperature, 
contain heat, and therefore radiate it. 

If a piece of ice be held before a thermometer, it will cause the 
mercury in its tube to fall; and hence it has been supposed that the 
ice emitted rays of cold. This supposition is erroneous. ashes tee 


































































































































































































































































































































































































246 NATURAL PHILOSOPHY. 
and the thermometer both radiate heat, and each absorbs mo 
re 
Why does a of what the other radiates toward it. But the ic 
thermometer at a lower temperature than the thermometer 
sink ee less than the thermometer, and therefore the 7 
ar - 1 
ae 7 ter absorbs less than the ice, and consequen 
: If the thermometer placed in the presence of th 
een ata lower temperature than the ice, it would, for like reaso 
risen. The ice, in that case, would have warmed the thermore” a 
° Tr) ° c 
445. The radiometer (Fig. 180) consists of four or more ]j 4 
bearing small disks of pith 
blackened on: one side, an 


e, bein 


tly falls, 
€ ice had 


or mica, 
d having 


Describe the 
radiometer. 


their dark surfaces all facing the same ~ 
e 


way. These arms are balanced on a needle-p; 
and are inclosed in a glass tube from which aoa 
has been exhausted. On bringing a hot bod a 
this instrument, the arms will revolve, the tLe 
ened surfaces moving away from the source of a 
On exposing the radiometer to sunlight, the —_ 
will rotate more or less rapidly. This effect wa " 
first attributed to the mechanical action of light e 
is now known to be due to heat radiations. i. 
446. Radiations, or effects which are propagated 
What dowe. 1D straight lines only (such as light and 
ean radiant heat), are most conveniently 
ee considered by dividing them into ip. 
numerable straight lines, or rays ; not 
ae a are any such divisions in nature, but they 

enable us more readily to 

the phenomena with which these tare ih a 


447. When rays of heat radiated from one body 
When raai- fall upon the surface of another body, they 


ant heat falls ° 
ee may be disposed of in three ways: I. They 


surface of a ma rebo 
ee oh y und from its surface, or be re- 


may it be flected. 2. They may be received into its 
* surface, or be absorbed.* 3. They may 


Fic. 180. 


ae A See both of light and heat consists in the communication of motion 
e vibrating atoms of bodies to the ether whi 
ich surrounds them. ‘The abs 
: : ° Or je. 
tion of heat consists in the acceptance of motion, on the part of the atoms of a eee 
3 


or less 4 


€rmome. 5 4 


ght arms, 
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ass directly through the substance of the body, or 


be transmitted. 

The temperature of a body is raised only by so many of the rays as 
absorbed. 
448. A ray ot heat radiated from the surface of a 
body proceeds in a straight line until it In what 
meets @ reflecting surface, from which it sane 
rebounds in another straight line sothes Feeetes* 
direction of which is determined by the law that the 


angle of incidence is equal to the angle of reflection. 


are 


The manner in which heat is reflected is strikingly shown by taking 


two concave 
mirrors, M 
and N (Fig. 
181), of bright 
metal, about 
one foot in di- 
ameter, and 
placing them 
exactly oppo- 
site to each 
other, at a dis- 
tance of about 


- ten feet. In 


the focus of 

one mirror, as mee or 

at A, is placed 

a heated body, as a mass of red-hot iron; and in the focus of the other 
mirror, as at B, a small quantity of gunpowder, or a piece of phos- 
phorus. The rays of heat, radiated in diverging lines from the 
hot metal, strike upon the surface of the mirror M, and are reflected 
by it in parallel lines to the surface of the opposite mirror, N, where 
they will be caused to converge to its focus, B, and ignite the powder 


or phosphorus at that point. 


{rom ether which has been already agitated by a source of light or heat. In radiation, 


then, motion is yielded to ether; in absorption, motion is received from the ether, — 


TYNDALL. 
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449. Polished metallic surfaces constitute the best 


Whatare reflectors of heat; but all bright ang light. q 


good colored surfaces are adapted for t 
reflectors 


ofheat? pose to a greater or less degree.* 


Water requires a longer time to become hot in a 4r 
than in a dark-colored one, because the heat is refle 
bright surface, and does not enter the vessel. 


tght tin Vesse] 
cted from the 


450. The power of absorbing heat varies With 


Howdoes almost every form of matter, Surfaces 
the power of - : ‘ 
absorbing  @r€ good absorbers of heat in Proportion 


heat vary? as they are poor reflectors. The best 
radiators of heat also are the most powerful ap. 
sorbers, and the most imperfect reflectors. 


Dark colors absorb heat from the sun more abundantly than light 
ones. This may be proved by placing a piece of black and a piece of 
white cloth upon the snow exposed to the sun; in a few hours the 
black cloth will have melted the snow beneath it, while the white cloth 
will have produced little or no effect upon it.. 

The darker any color is, the warmer it is, because it is a better 
absorbent of heat. The order may be thus arranged: 1, black (warm. 
est of all); 2, violet; 3, indigo; 4, blue; 5, green; 6, red; 7, yellow; 
and 8, white (coldest of all). 

A piece of brown paper submitted to the action of a burning-glass 
ignites much more quickly than a piece of white paper. The reason 
of this is, that the white paper reflects the rays of the sun, and though 
but slightly heated appears highly luminous; while the brown paper, 
which absorbs the rays, readily becomes heated to ignition. For the 
same reason, a kettle whose bottom and sides are covered with soot 
heats water more readily than a kettle whose sides are bright and 
clean. . 

Light-colored fabrics are most suitable for dresses in summer, since 
they reflect the direct heat of the sun, and do not absorb it; black out- 
side garments, on the contrary, are most suitable for winter, as they 
absorb heat readily, but do not reflect it. 


* Of 100 rays falling at an angle of 50° from the perpendicular, polished silver will 
reflect 97; gold, 95; polished brass, 93; steel, 83; iron, 77; glass, 10; lamp-black, o, 
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yfrost in the spring and autumn may be observed to remain 
ae the presence of the morning sun, on light-colored substances, 
i the dark-colored soil, &c.; the former do not absorb the heat, 
a, k-colored bodies do, but reflect it, and in consequence of this 
me a too cold to thaw the frost deposited upon their surfaces. 
they f me cd by solar rays toa very slight degree. Hence the 
Tl e ions of the air are so cold that even in the tropics the tops 
: Bee tains are covered with perpetual snow. Air does not 


Jonget 


uppe? 
of hig a 

eat. : 
i. The sun, however, heats the surface of the earth; and the air 


ting upon it is heated by contact with it, and ascends, pow is the 

res e e a e . . here 
rtions, which in atmosp 

its place being supplied by colder po ; sure 
turn are heated also. ; 
This reluctance of air to part with its heat occasions some very curl- 

s differences between its burning ‘temperature and that of other 
ics Metals, which are generally the best conductors, and there- 
fore communicate heat most readily, can not be handled with impunity 
ie raised to a temperature of more than 120° Fahrenheit; water 
Ww 


becomes scalding hot at 150° Fahrenheit; but air applied to the skin 


occasions no very painful sensation when its heat is far beyond that of 
ili er. ‘ 

“Gee ec. experiments have been made in reference to the 
power of the human body to withstand the influence of heated air. 
Sir Joseph Banks entered an oven heated 520 above the boiling ay 
and remained there some time without inconvenience. During t : 
time eggs placed on a metal frame were roasted hard, and a os 
steak was overdone. But, though he could thus bear the contact o 
the heated air, he could not bear to touch any metallic substance, as a 
watch-chain, money, &c. Workmen also enter ovens, in the manufac- 
ture of molds of plaster of Paris, in which the thermometer stands 
100° above the temperature of boiling water, and sustain no injury. 


452. Heat, in passing through most substances, or 
media, is retained, or intercepted in its y, what 


, ner is 
mpassage, in'a greater or less degree. The ™2% 


heat trans- 
iquids for trans- mitted 
capacity of solids and liquids or t enited 
mitting heat is not always in proportion to different 
: substances: 
their transparency, or capacity for trans- 


mitting light. 
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433. The heat of the sun passes through tal 
parent bodies without loss ; but heat from terrestrig] 7 
sources is in great part arrested by many substances q 


which allow light to pass freely, —such as wate 
alum, glass, &c. 3 My 


Thus a plate of glass held between one’s face and the sun wil] n 
protect it; but, held between the face and a fire, it will intercept ot 
large proportion of the heat. ? 


454. Those substances which allow heat to pag, 
freely through them are called dzathermanous, anq 


- 


those which retain nearly all the heat they receiyg ‘ 


are called athermanous. 


Rock-salt allows heat to pass through it more readily than any othey 
known substance; while a thin plate of alum, which is nearly trans. 
parent, almost entirely intercepts heat. Heat, indeed, will pass more 
readily through a black glass, so dark that the sun at noon is scarcely 
discernible through it, than through a thin plate of clear alum. Water 
is one of the least diathermanous substances, although its transparency 
is nearly perfect. If, therefore, it is desired to transmit light without 
heat, or with greatly diminished heat, it is only necessary to let the 
rays pass through water, by which they will be strained of a great part 
of their heat. To transmit heat without light, a layer of iodine dis- 
solved in bisulphide of carbon may be used. 

It has been found that the power of heat to penetrate a dense, 
How does 
the tempera- temperature of the body from which it is radiated is 
ture of a increased. Heat, also, accompanied by light, is trans- 
body radiat- ; : ; ; 
inciheat mitted more readily than heat without light. 
affect its 455. Heat and light come to us conjointly from the 
transmis- sun. When a ray of light is caused to pass through a 
Sons prism, it is analyzed or separated into seven brilliant 
colors, or elementary parts. If the heat-ray which accompanies the 
; light is treated in a similar manner, our organs of 

sa ray of : : ; 

SE nent sight are so constituted that we do not discover any 

simple or separation to have taken place in it. It is, however, 

aR Oe established beyond a doubt, that, in the same manner as 
a ray of white light can be modified and divided, so a 


transparent substance, is increased in proportion as the - 
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yay of radiant heat can be separated into parts possessing qualities 
corresponding to the various colors. 

456. By means of a convex lens called a “burning-glass” (§ 416), 
the rays of heat may be refracted Wie ieee . 
or bent from their original direc- action of a 
tion, and converged to a point burning- 

4 . glass ? 
called a focus (Fig. 182). The 
heat at the focus is intense. Thus, with a lens 
three feet in diameter, with a focal distance of —_— Sw 
six feet eight inches, metals were melted and 
even volatilized. Gunpowder has been ignited 
py rays of heat converged to a focus by means of a lens of ice. 


Fic. 182. 


SECTION III. 


THE EFFECTS OF HEAT. 


487. If heat be applied to a solid, liquid, or gas, it divides itself into 
two omens, according to the work performed. _One ieee 
portion raises the temperature of the body. his™n-s aceehent 
crease in temperature is sensible to the thermometer, perform 
and is called Sensible Heat. Another portion forces the NERA ES 
atoms of the body into new positions; and this portion, 
lost as heat, but transformed into.mechanical action, is known as 
Latent Heat. 

468. Heat, by imparting motion to the atoms of a body, produces 
the effects of expansion, liquefaction, and vaporization. 


459. The form of all bodies appears to be entirely 
dependent on heat; by its increase solids 1s the form 
t d ° t li id d li id of all bodies 
are converted into liquids, and liquids gependent 
into vapor; by its diminution vapors are ‘pon heat? 
condensed into liquids, and these in turn become 
solids. 
If matter ceased to be influenced by heat, all liquids, vapors, and 


doubtless even gases, would become permanently solid, and all motion 
on the surface of the earth would be arrested. 
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460. The expansion occasioned by heat is greatest 
ee in those bodies which are the least infly 
bodiesdoes enced by the attraction of cohesion. Thus 


heat produce : A 
the greatest the expansion of solids is comparative] 


expansion’ " trifling, that of liquids much greater, anq 
that of gases very considerable:. Expansion is noth. 
ing more than a mechanical effect, which forces the 
atoms apart. | 


461. The expansion of the same body will cop. 
Dobodies tinue to increase with the quantity of heat 


continue to 1 ; 
sees that enters it, so long as the form and 


longasheat Chemical constitution of the body are pre- 
enters them ? 
served. 


Superficial expansion of a solid is twice as great, and cubical] 
expansion three times as great, as the linear expansion. 


462. Among solids the metals expand the most; 


but an iron wire increases only zt, in bulk when 


heated from 32° of the thermometer up to 212°. 


Solids appear to expand uniformly from the freezing-point of water 
up to 212°, the boiling-point of 
water, — that is to say, the increase 
of volume which attends each de- 
gree of temperature which the body 
receives is equal. When solids are 
elevated, however, to’ temperatures 
above 212°, they do not dilate uni- 
formly, but expand in an increasing 
ratio. 

Se - The expansion of solids by heat 


LULU TTL | 

== a is clearly shown by the following 
experiment, Fig. 183: mz represents 
. a ring of metal, through which, at 
the ordinary temperature, a small iron or copper ball, a, will pass 


freely, this ball being a little less than the diameter of the ring. If 


Fic. 183. 
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e now heated by the flame of an alcohol-lamp, it will become 
far expanded by heat as no longer to pass through the ring. 
" a expansion of solids by heat is made applicable for many useful 
oses in the arts. The tires of wheels, and hoops what appli- 
EB . ding water-vats, barrels, &c., are made in the cations of 
Be astance somewhat smaller than the frame-work th? ¢xP@n- 


sion of solids 
they are intended to surround. They are then heated py neat are 
red-hot, 


and put on in an expanded condition; on cool- mage in the 
ing they contract, and bind together the several parts gece: | 
with a greater force than could be jconvemently applied by any me- 
chanical means. In like manner, in constructing steam-boilers, the 


rivets are fastened while hot, in order that they may, by subsequent 
contraction, fasten the plates together more firmly. 


this ball b 


463. The force with which bodies expand and con- 


tract, under the influence of the increase With what 
, ° . : degree of 
or diminution of heat, is apparently irre- force do 


ee, . ° bodies 
sistible, and is recognized as one of the eueean 


createst forces in nature. Gontracene 
(oles 


The amount of force with which a solid body will expand or con- 
tract is equal to that which would be required to compress it through 
a space equal to its expansion, and to that which would be required to 
stretch it through a space equal to its contraction. An iron bar one 
square inch in section, on being heated from 32° to 212° Fahrenheit, 
will expand with a force of 35,847 pounds, or about 199 pounds for 
each degree of temperature. : 

This principle is sometimes practically applied when great mechani- 
cal force is required to be exerted through small spaces. Thus walls 
of buildings, which from a subsidence of the foundation or an unequal 
pressure, have been thrown out of their perpendicular position, and 
are in danger of falling, may be restored in the following manner: A 
series of iron rods is carried across the building, passing through 
holes in the walls, and secured by nuts on the. outside. The rods are 
then heated by lamps until they expand, thereby causing their ends to 
project beyond the building. The nuts with which these extremities 
are provided are then screwed up until they are in close contact with 
the outside wall; the lamps are then withdrawn, and the rods allowed 
to cool. In cooling they gradually contract, and by their contraction 
draw up the walls. 
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On account of the expansion of metal by heat, the successive raj 
which compose a line of railway can not be placed end to end, 5 a 
small space is left between their extremities for expansion. The 2 3 
change in length from winter to summer, on a road 400 miles ee 
would be 1,288 feet. . 3 Ong; 
A glass or earthen vessel is liable to break when ‘hot water is pou 
Into it, on account of the unequal expansion of the inner and we 
surfaces. Glass and earthenware being poor conductors of heat He 
inner surfaces in contact with the hot water become heated, and ex ae 
before the outer are affected: the tendency of this is to warp or oo 
the sides unequally; and, as the brittle material cannot bend, it brea 


464. Liquids expand through the agency of heat 


eine more unequally, and to a much greater 


extent do A 
liquids degree, than solids. 


esraad A column of water contained in a cylin- 

drical glass vessel will expand 54 in length 

on being heated from the freezing to the boiling 

point; while a column of iron, with the same increase 
of temperature, wi : 

Pe ae eed expand only g4¢. 
A familiar illustration of the expansion of water by heat is seen in 
the overflow of full vessels before boiling commences. Different 


liquids expand very unequally with an equal increase in temperature. 
Spirits of wine, on being heated from 32° to 212°, increase 4 in bulk; 
- : 2 ? 
oil expands about qa} water, as before stated, about 3; A person 
buying oil, molasses, and spirits in winter, will obtain a greater weight 
of the same material in the same measure than in summer. Twenty 
gallons of alcohol, bought in January, will, with the ordinary increase 
of temperature, become, by expansion, twenty-one gallons in July. 
465. Water, as it decreases in temperature towards 
Whatpecu. the freezing-point, exhibits phenomena 
iarities of 1 i i 
Leas which are wholly at variance with the gen- 
does water €ral law that bodies expand by heat, and con- 


exhibit ? 
7 tract by cold or by a withdrawal of heat.* 


* A few other liquids besides water expand with a reduction of temperature. Fused 
iron, antimony, zinc, and bismuth are examples of such expansion, a circumstance 
which renders these metals eminently fit for casting in molds. Merctiry is a remarka- 
ble instance of the reverse; for, when it freezes, it suffers a very great contraction. 
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As the temperature of water is lowered, it continues to contract 
until it arrives at a temperature of 39° Fahrenheit, when all further 
contraction ceases. The volume or bulk is observed to remain sta- 
tionary for a time; but on lowering the temperature still more, instead 
of contraction, expansion is produced, and this expansion continues 
at an increasing rate until the water is congealed. At the moment 
also of its conversion into ice, it undergoes a still further expansion. 


466. Water attains its greatest density, whenis 
water of 


or the greatest quantity is contained in a ine greatest 
given bulk, at a temperature of 39° Fah- Sty? 


renheit. 


As the temperature of water continues to decrease below 399, the 
point of its greatest density, its particles, from their expansion, neces- 
sarily occupy a larger space than those which possess a temperature 
somewhat more elevated. The coldest water, therefore, being lighter, 
rises and floats upon the surface of the warmer water. On the 
approach of winter this phenomenon actually takes place in our 
Jakes, ponds, and rivers. When the surface-water becomes sufficiently 
chilled to assume the form of ice, it becomes still lighter, and continues 
to float. By this arrangement, water and ice being almost perfect non- 
conductors of heat, the great mass of the water is protected from the 
influence of cold, and prevented from becoming chilled throughout. 

If water constantly grew heavier as its temperature diminished (as 
is the case with most liquids), the colder particles at the surface would 
constantly sink, until the whole body of water was reduced to the 
freezing-point. Again: if ice was not lighter than water, it would sink 
to the bottom; and, by the continuance of this operation, a river or 
Jake would soon become an immense solid mass of ice, which the heat 
of summer would be insufficient to dissolve. The temperate regions 
of the earth would thus be rendered uninhabitable. Among all the 
phenomena of the natural world, there is no more striking illustration 
of the evidence of design, on the part of the Creator, than in this 
wonderful exception to a great general law. 

The expansion of water at the moment of freezing is attributed to 
a new and peculiar arrangement of its particles. Ice is, Why does 
in reality, crystallized water; and during its formation the water 
particles arrange themselves in ranks and lines which expand in 
cross each other at angles of 60° and 120°, and conse- reezine 
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quently occupy more space than when liquid. This may be s 
examining the surface of water in a saucer while freezing. 

A beautiful illustration of this crystallization of water in freezing : 
seen in the frost-work upon windows in winter, caused by the congela. 
tion of the vapor of the room when it comes in contact with the#eolg 
surface of the glass. All these frost-work figures are limited by the 
laws of crystallization; and the lines which bound them form among 
themselves no angles but those of 30°, 60°, and 120°. If we fracture 
thin ice, by allowing a pole or weight to fall upon it, the fracture wil] 
have more or less of regularity, being generally in the form of a Star, 
with six equidistant radii, or angles of 60°. _ 

467. The force exerted by the expansion of water in the act of 
a en freezing is very great. As an illustration, the followin 
farcertdocs experiment may be quoted: Cast-iron bomb-shells, 


water thirteen inches in diameter and two inches thick, were 
expand in 
freezing ? 


een by 


_ plugged with iron bolts. Thus prepared, they were 
exposed to the severe cold of a Canadian winter, at a temperature of 


about 19° below zero. At the moment the water froze, the iron plugs ~ 
were violently thrust out, and the ice protruded, and in some instances. 


the shells burst asunder, thus demonstrating the enormous. interior 
pressure to which they were subjected by water assuming a solid state, 

The rounded and weather-worn appearance of rucks is mainly due 
to the expansion of freezing water, which penetrates into their fissures, 
and is absorbed into their pores by capillary attraction. In freezing, 
it expands and detaches successive fragments, so that the original 
sharp and abrupt outline is gradually rounded and softened down. 

The bursting of earthen water-vessels and of water-pipes, by the 
freezing of water contained in them, are familiar illustrations of the 
same principle. 

By allowing the water to run in a service-pipe we prevent its freez- 
ing; because the motion of the current prevents the crystals from 
forming, and attaching themselves to the sides of the pipe. 

468. The ordinary temperature at which water freezes is 329, 
Atwhattem. Fahrenheit’s thermometer. This rule applies only to 
perature does fresh water: salt water never freezes until the surface is 
waterfreeze? cooled down to 27°, or five degrees lower than the freez- 


ing-point of water. 


Under some circumstances pure water may be cooled down to a - 


temperature much below 32° without freezing. Thus, if pure, recently- 


filled with water, and their apertures or fuse-holes firmly 


HEAT. Lo. ge 


“ed water be cooled very slowly, and kept very tranquil, its temper- 
“y y be lowered to 21° without the formation of ice; but the 


ure mn 4 ° e 
. st motion causes it to congeal suddenly, and its temperature rises 
ea 


ag 
i 60 The ice produced by the freezing of sea or salt water is gener- 
yesh and free from salt, since water in freezing, if 


f ° ° 
te freedom of motion be allowed to its particles, 


Why is the 
ice produced 


xpels all impurities and coloring matters. The ice by the freez- 
Be 


formed in the congelation of a solution of indigo is ee hee 
colorless, since the water in which the indigo was dis- goo salt ? 
solved expels the blue coloring matter in freezing. 

Blocks of.ice are generally filled with minute all What is the 
bubbles : this is owing to the fact that the water in origin of the 
freezing expels the air contained in it, and many of the minute bub- 


liberated bubbles become lodged and imbedded in the nes seen in 
thickening fluid. 


470. Gases and aériform substances expand 7; 
of the bulk which they possess at 32° for tp what 


1 j manner do 
every degree of heat which they receive Mere and 


above that point, and contract in the same by heat? 
proportion for every degree of heat withdrawn from 


them. 


Thus 491 cubic inches of air at 32° would so expand as to occupy 
an inch more space at 33°; and by the addition of another degree of 
heat, raising its temperature to 34°, it would occupy an additional inchs 
and so on. In a like manner, by the withdrawal of heat, 491 cubic 
inches of air would occupy an inch less space at 31° than at 32°; two 
inches less at 30°, and so on. The same law holds good for all other 
gases, and for vapors and steam. 

Illustrations of the expansion of air by heat are most familiar. If 
a bladder partially filled with confined air be laid before the fire, the 
air contained in it may be expanded to a degree sufficient to burst the 
bladder. -Chestnuts laid upon a heated surface burst with a loud 
report on account of the expansion of the air within their shells. 
The process of warming and ventilating buildings depends entirely 
upon the application of this principle of the expansion and contrac- 
tion of air by the increase and diminution of heat. 
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471. As the magnitude of every body changeg 
Howmeay . Witoethe heat to which’ it’ ts exposed, ang 


the expan- ; 
<ionandcon. 25 the same body, when subjected to calo. 


tractionof rific influences under the sa ‘es 
bodies be ne “iTCum- 


applied to stances, has always the same magnitude 
the measure- % 


pay the expansions and contractions which are 


heat ? the constant effects of heat may be taken 


as the measure of the cause which produced them, 
472. The instruments for measuring heat are 
Whatarethe tnermometers and pyrometers. The for 


instruments mer are used for measuring moderate tem- 
for measur- 


ing heat peratures ; the. latter for determining the 
called ? 
more elevated degrees of heat. 


Liquids are better adapted than either solids or gases for measuring 
the effects of heat by expansion and contraction: since in solids the 
direct expansion by heat is so small as to be seen and recognized with 
difficulty; and in air or gases it is too extensive, and too liable to be 
affected by variations in the atmospheric pressure. From both of 
these disadvantages liquids are free. 

The liquid generally used in the construction of thermometers js 
mercury, or quicksilver. 

Mercury possesses greater advantages for this purpose than any 
Why is other liquid. It is, in the first place, eminently distin- 
mercury guished for its fluidity at all ordinary temperatures: it 
Sees is, in addition, the only body in a liquid state whose 
the construc. Variations in volume, or magnitude, through a consider- 
tion of ther- able range of temperature are exactly uniform, and pro- 
mometers? = portional with every increase and diminution of heat. 


Mercury, moreover, boils at a higher temperature than any other ° 


liquid, except certain oils; and, on the other hand, it freezes at a 
lower temperature than all other liquids, except some of the most 
volatile. Thus a mercurial thermometer will have a wider range than, 
any other liquid thermometer. It is also attended with this conven- 
ience, that the extent of temperature included between melting ice and 
boiling water stands at a considerable distance from the limits of its 
range, or its freezing and boiling points. 
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The mercurial thermometer consists of a bulb and a stem, with 
y bore. The bore should be of equable diame- Describe a 


illar 
e OF oughout. Through an opening in the end of the thermome 
Tel 


the bulb and a portion of the stem are filled with = 
Be which is afterwards boiled, so as to expel all air and moist- 
and fill the tube with mercurial vapor. The open end is then 
E d: and, on cooling, the mercury collects in the bulb and lower 
es the Pike: leaving a vacuum above. In this condition the ther- 
is complete, with the exception of graduation. 
4. As thermometers are constructed of different dimensions and 
Be cities, it is necessary to have some fixed rules LOM aur are 
aduating them, in order that they may always indicate thermome- 
a same temperature under the same circumstances, as eae eradue 
a freezing-point for example. To accomplish this nea: 
end, the following plan has been adopted: The thermometers are He 
‘mmersed in melting snow or ice. The mercury will be olsemte : O 
stop in each thermometer at a certain height: these heights are non 
marked upon the tubes. Now, it has been ascertained, that, at w at- 
ever time and place the instruments may be afterward immersed p 
melting snow or ice, the mercury contained in them will always X 
‘tself at the point thus marked. This point is called the freezing- 
| point of water. 
Another fixed point is determined by immersing the instruments 1n 
boiling water. It has been found, that at whatever time or place the 
instruments are immersed in pure water, when boiling, provided the 
barometer stands at the height of thirty inches, the mercury will 
always rise in each to a certain height. This therefore forms another 
fixed point on the scale, and is called the boiling-point. : 
475. Thus far all thermometers are constructed alike. In the ther- 
mometer most generally used, and which is known as Bee oe 
Fahrenheit’s, the interval on the scale, between thee 4p eewe eaee 
freezing and the boiling points, is divided into one hun- of Habeas 
dred and eighty equal parts. This division 1s similarly ee Ue 
continued below the freezing-point to the place o, called . 
zero, and each division upward from that is marked with the successive 
numbers, I, 2, 3, &c. The freezing-point will now be the 32d division, 
and the boiling-point will be the 212th division. These divisions are 
called degrees; and the boiling-point will therefore be 212°, and the 
freezing-temperature 32°, Fig. 184 represents the usual form of the 
thermometer, with its graduated scale. 


mercury, 


par 
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Thermometers of this character are called Fahrenheit’s, from 3 
Dutch philosophical-instrument maker, who first introduced this 
method of graduation in the year 1724.* 
476. In addition to Fahrenheit’s thermometer, two 
Sn ere others are extensively? used, which are 
thermome- known as Réaumur’s, and the Centigrade 
.ters besides thermometer, or thermometer of Celsiys, 
Fahrenheit’s oP 
See Ee 477. The only difterence between these 
three kinds of thermometers is the diffey. 
ence in graduating the interval between the freezing ang 
boiling points of water. Réaumur’s is divided into 
Whatcon.  Cighty degrees, the Centigrade into one 
stitutes the hundred, and Fahrenheit’s into one hun. 
difference = dred and eighty. According to Réaumur 
between the ; : 
different water freezes at 0°, and. boils at 80°; ac. 
varieties of | cording to Fahrenheit, it freezes at 320 
the poe. and boils at 212°: the last, very singu. 
eadnene larly, commences counting, not at the 
freezing-point, but 32° below it; this point was selected 
because it was the lowest temperature known when this 
thermometer was first constructed. 
The difference between 
these instruments can be | 


ip 
f 
easily seen by reference to | 


Bil SOR = ie a> | 


Fig. 185. 
In England, Holland, 
and the United States, the 
thermometer most gener- 
ally used is Fahrenheit’s. 
Réaumur’s scale is used in 
Germany, and the Centi- 
) grade in France, Sweden, 
mim, ~=—-sANd gome other parts of 
Europe. The scale of the 
Centigrade is by far the 
simplest and most rational method of 
graduation, and at the present it is almost universally adopted for 
scientific purposes. | 





* An absolute temperature is found by adding 459° to the reading of a Fahrenheit 
thermometer. 
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478. As the temperature is lowered, the mercury in Fahrenheit’s 
thermometer gradually sinks, until it reaches a point 39° 
How e cold Selow zero, where it freezes. Mercury, therefore, can 
Beeacity not be made available for measuring cold of a greater 
indicated? intensity. This difficulty is, however, obviated by using 
a thermometer filled with alcohol colored red, as this fluid, when pure, 
never freezes, but will continue to sink lower and lower in the tube as 
the cold increases. Such a thermometer is called a spirit-thermometer. 
479. If a Fahrenheit’s thermometer be heated, the mercury con- 
How is heat tained in it will rise in the tube until it reaches 660°, at 
of great which temperature it begins to boil. A slight additional 
intensity heat forms vapor sufficient to burst the tube. Mercury, 
measured ? therefore, can not be used to measure degrees of heat of 
greater intensity than 660° Fahrenheit. Temperatures greater than 
this are determined by means of the expansion of solids; and instru- 
ments founded upon this principle are commonly called pyrometers. 
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The construction of the pyrometer is represented in Fig. 186. A 
Explain the represents a metallic bar, fixed at one end, B, but left 
construction free at the other, and in contact with the end of a pointer 
of the K, moving freely over a graduated scale. If the bar be 
pyrometer- heated by the flame of alcohol, the metal expands, and, 
pressing upon the end of the pointer, moves it in a greater or less 
degree. In this manner the effect of heat, applied for a given length 
of time to bars of different metals, having the same length and diame- 
ter, may be determined. 

What is an 480. An air-thermometer consists of a column of air 
air-ther- confined in a glass tube over colored water. Heat ex- 
mometer? = pands the air, and increases the length of the column 









































































































































































































































































































































262 NATURAL PHILOSOPHY. 


downward, pushing the water before it: cold produces 
effect. The temperature is thus indicated by the height ni : 
water is elevated in the tube. Fig. 187 represents the ne 
the construction of the air-thermometer. 
A thermometer does not inform us how much heat any subst 
: Stance 


Ontra 


Principle of 


Doesa thers Contains; butat merely péine 
een St out the difference jn a 
Sieg iniorm us ; =a € 
how much temperature of two or More 
heatia substances. All we learn by 


substance the thermometer jis 
contains? the temperature of ae : 
is greater or less than that of anottnel 
and, if there is a difference, it is expresseq 
numerically, — namely, by the degrees of. 
the thermometer. It must be remember 
that these degrees are part of an arbitrary scale, selected for con a 
ience, without any reference whatever to the actual quantity of ne 
present in bodies. — 


A481. The first effect produced by heat upon solids 


i Ce ies is expansion. If the heat be augmented 
expansion 
of solids by 


heat, what De ; 1 1 | 
heat wahat nelt, or become liquid. Many solids be- 
is next - come soit before melting, so that they may 
ved: 
be moulded and welded; for instance, 
wax, glass, and iron. 

482. By liquefaction we understand the conversion 
What is of a solid into a liquid by the agency of 
iquefaction ? : : ‘ 

ron* heat, as solid ice is converted into water 
by the heat of the sun. 

Heat 1S supposed to convert a solid into a liquid, by forcing its 
constituent particles asunder to such an extent that the force of cohe- 
sion 1s overcome or destroyed. | 

483. When a solid is immersed in a liquid, and 
What is. gradually disappears in it, the process is 
solu ‘ 
shea ace termed solution, and not liquefaction. A 


ich an 4 


they change their aggregate state, andl 
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n is the result of an attraction or affinity 
n a solid and a fluid; and when a solid 
rs in a liquid, if the compound exhibits per- 
parency, we have an example of a pertect 


solutio 
betwee 
disappc# 
fect trans 
solution. 


When a fluid has dissolved as much of a solid as it is capable of 

t is said tO be saturated : or, in other words, the wrhenisa 

affinity Or attraction of the fluid for the solid continues solution 
erate to a certain point, where it is overbalanced by Sid to be 

to OP : : ., . saturated ? 

the cohesion of the solid; it then ceases, and the fluid is 


said to be saturated. 
A solution is a complete union; a mixture is a mere mechanical 


doi ng, i 


nion of bodies. 
In most cases, the addition of heat to a liquid greatly How doesa 


° its solvent properties. Hot water will dissolve Solution 
Ol aa ae differ from 


much more sugar than cold water; and hot water willalso 4 mixture? 
dissolve many things which cold water is unable to affect. 


u 


484. If heat be imparted in sufficient quantity to 
a body in a liquid state, 1t will pass int What is 
a state of vapor. Thus water, being vaporiza- 


heated sufficiently, will pass into the form en 


of steam. This change is called Vaporization. 

48s. If a body in a state of vapor lose heat in 
sufficient quantity, it will pass into a liquid what is'con- 
state. Thus, if a certain quantity of heat denseugn? 
be abstracted from steam, it will become. water. 
This change is called Condensation. 


The change from a state of vapor to a liquid is termed condensa- 
tion, because, in so doing, the body always undergoes a very consider- 
able diminution of volume, and therefore becomes condensed. Most 
solids become liquefied before they vaporize; but some pass at once, 
on the application of heat, from the state of a solid to that of a vapor, 
without assuming the liquid condition. 
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Is any 486. The melting ofa solid, or its con 
particular : . é A 4 
temperature Version into a liquid, only occurs when the 


tS ad lid is heated up to a certain fix 
the forma- SO Pp ed point; 


tion of but the conversion of a liquid into a vapor 
vapors ?- ; 
takes place at all temperatures. 


If in a hot day we expose a vessel filled with cold water to the open 
air, we find that the quantity of water rapidly diminishes, that is, it 
evaporates; which means that it is converted into vapor, and diffuseg 
through the air. 


487. The vapor of water, and all other vapors with 
Whatisthe 2 Very few exceptions, are invisible anq 
appearance transparent. The water which has become 
or vapor? diffused through the air by evaporation, 
only becomes visible when, on returning to its fluid 
condition, it forms mist, cloud, dew, or frost. 


Steam, which is the vapor of boiling water, is invisible; but when it 
comes in contact with air, which is cooler, it becomes condensed into 
small drops, and is thus rendered visible. 

The proof of this may be found in examining the steam as it issues 
from an orifice, or the spout of a boiling kettle: for a short space next 
to the opening no steam can be seen, since the air is not able to con- 
dense it; but as it spreads, and comes in contact with a larger volume 
of air, the invisible vapor becomes condensed into drops, and is thus 
rendered visible. 

The myriads of minute globules of water into which the steam is 

condensed are separately invisible to the naked eye, but each never- 
theless reflects a minute ray of white light. The multitude of these 
reflecting points, therefore, make the space through which they are 
diffused appear like a cloudy body, more or less white, according to 
their abundance. 
Is a boiling The surface of any watery liquid whose temperature 
temperature 1s about twenty degrees warmer than any superincum- 
fente bent air rapidly gives off true steam. It is not neces- 
production sary, therefore, for the production of steam, that water 
of steam? _—_ should be raised to the boiling temperature. 


rs is one of de } 
Eee and pressure, while heat is necessary to the production of the 
ture 


HEAT. 265 


ust be remembered that the distinction between gases and 


ae gree only: the former exist at ordinary tempera- 


Jatter-. 7 

488 Air without vapor (theoretically called dry air) 
; e e e I 

s not known to exist in nature, and is i oe 


robably not producible by art. Sea eae 
: 489. Liquids in passing into vapors occupy a much 


greater SPaC€ wiiticthe 
than the sub- relativespace 


occupied by 
stances from tiquids and 

vapors ? 
which they are 
produced. Water, in pass- 
ing from its point of great- 
est density into steam, ex- 
pands to nearly sixteen hun- 
dred times its volume. 


Fig. 188 represents the compara- ieee 
tive volume of water and steam. 


490. Vapors are of all degrees of den- Is the den- 
: sity of vapor 
sity. The vapor of water may be as thin jnitorm? 


as air, or almost as dense as water. 
4g. Evaporation takes place from the surfaces of 


is i ed in a great what cir- 
bodies only, and is influenc 5 cumstances 


degree by the temperature, dryness, still- influence 
ness, and density of the atmosphere. evaporation ? 


The effect of temperature in promoting evaporation may be illus- 
trated by placing an equal qu2=tity of water in two ji44, goes 
saucers, one of which is placed in a warm and dry, and peers 
the other in a cold and damp, situation. The former fe snore nae 
will be quite dry before the latter has suffered an appre- 


ciable diminution. 
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When water is covered by a stratum of dry air, the Evaporation j, 
eee Den rapid, even when its. temperature is low; whereas it 
the state of | 80€S on very slowly if the atmosphere contains much 
the air vapor, even though the air be very warm. 
peace Evaporation is far slower in still air than in a current 
evaporation ? ac ae d : : : 
The air Immediately in contact with the water soon be. 
comes moist, and thus a check is put to evaporation. But if the air 
be removed by wind from the surface of the water as soon as it has 
become charged with vapor, and its place supplied with fresh air, then 
the evaporation continues on without interruption. 

Evaporation is by no means confined to the Surface of liquids, but 
takes place from the surface of the soil, and from all animal and vege- 
table productions. Evaporation takes place to a very considerable 
extent from the surface of snow and ice, even when the temperature of 
the air is far below the freezing-point. 

492. A very singular circumstance is connected with the diffusion 
Whatsingu- Of vapors throughout the atmosphere; viz., that the 
larcircum- _—vapors of all bodies arise into any space filled with air, 
Biapce Is in the same manner as if air were not present, the two 
connected : : : 
with the fluids seeming to be independent of each other. 
diffusion of Thus as much vapor of water can be forced into a 
vapors? vessel filled with air, as into one from which the air has 
been exhausted. 

493. When a drop of water falls upon a surface highly heated, as 

: of metal, it will be observed to roll along the surface 
Explain the ; , j ; 3 : 
phenomena Without adhering, or immediately passing into vapor. 
of the The explanation of this is, that the drop of water does 
ee ie! not in reality touch the heated surface, but is buoyed up 
liquids. and supported ona layer of vapor, which intervenes be- 

tween the bottom of the drop and the hot surface. This 
vapor is produced by the heat which is radiated from the hot sub- 
Stance before the liquid can come in contact with it, and, being con- 
Stantly renewed, continues to support the drop. The drop generally 
rolls, because the current of air which is always passing over a heated 
Surface drives it forward. The drop evaporates slowly, because the 
layer of vapor between the hot surface and the liquid prevents the, 
rapid transmission of heat. The liquid, resting upon a cushion of 
steam continually evolved from its lower surface by heat, assumes a 


rounded or globular shape, as the result of the gravity of its particles 
toward its own center. 


26 
HEAT. 7 
; iti ich water 
The designation which has been given to the oo ania ae 
d other liquids assume when dropped upon very hobeura 
an - ” 
“ spheroidal state. sates! : such 
‘ Fie Surface upon which the liquid rests is cooled down Races 
: t that vapor is not generated rapidly, and in sufficient “; oy 
oe rt the drop, it will come in contact with the surface, an : cs 
’ ; ene 
a municated by conduction, will transform it instantly ee 
a “ie the temperature of the iron is not elevated ee yt : 
° : : : i egre 
Ne are wets the surface, and is evaporated; but at a higher deg 
ois 
- temperature the moisture 1S repelled. be RECA a. 
: he phenomenon of the spheroidal condi mens Omiats lunging the 
€ : : in 
are of the feats often performed by eee a - sae aes 
ee ‘tv i lten lead or iron. e han ; 
rith impunity into molten : aera nal 
ie see into the liquid metal, the moisture 1s vaporlz : He 
oh aia en the metal and the skin a sheath of vapor. zs 
Bee the moisture absorbs heat, and thus st 


an e€ 


interposes be 
its conversion into vapor, 
further protects the skin. 


4. When a liquid is heated sufficiently to form 


es 49 
steam, 
principally at that part where the hea 


enters; and when the heating takes pees oe ey 
above, but from the bottom and sides, aS x ue 
‘t is produced, rises in bubbles through the liq i 
an pas ee the phenomenon of boiling, or ebulli- 


} or takes place whatis 
the production of an P t ebullition ? 


ion. 
on The temperature at which vapor rises with 


sufficient freedom to cause the phenome- What is 
non of ebullition is called the boiling- point? | 


point. ee eee 
: 496. Different liquids boil at different oe 


‘line-point of 4a different. 
temperatures. The boiling-p eee 


liquid is therefore one ofits distinctive = a= | 
characters. 
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heated up to 212° Fahrenheit; alcohol at 173°; ether at 96°; sirup 
at 221°; linseed-oil at 597°. 

The gentle tremor or undulation on the surface of water, which 
What is precedes boiling, and which is termed “ simmering,” jg 
simmering? owing to the collapse of the bubbles of steam, as the 
shoot upward, and are condensed by the colder water. The first bub. 
bles which form are not steam, but air which the heat expels from the 
water. As the temperature of the whole mass of the water increases, 
the bubbles are no longer condensed and collapsed, but rise through 
to the surface; and, the moment that this takes place, boiling com. 
mences. The singing of a tea-kettle before boiling is occasioned by 
the irregular escape of the air and steam expelled from the water 
through the spout of- the tea-kettle, which acts in the manner of a 
wind-instrument in producing a sound. 

If the water be impure, its boiling-point is ordinarily raised. Thus 
a saturated solution of common salt boils at 227° Fahrenheit. But, if 
the body dissolved be more volatile than water, then the boiling-point 
is lowered. | 

497- Liquids in general, being boiled in open vessels, are subjected 

to the pressure of the atmosphere. The tendency of 
How does : ; Neeeen 
the pressure this pressure is to prevent and retard the particles of 
of the atmos- water from expanding to a sufficient extent to form 
phere affect steam. Hence, if the pressure of the atmosphere varies, 
Patetcas as it does at different times and places, or if it be in- 

creased or diminished by artificial means, the boiling- 
point of a liquid will undergo a corresponding change. 

498. As we ascend into the atmosphere the pressure is diminished, 

because there is less of it above us: it therefore follows 
How may : : é : 
the tempera- that water, at different heights in the atmosphere, will 
ture at boil at different temperatures; and it has been found by 
ah ete observation, that an elevation of 550 feet above the level 
for determin- Of the sea causes a difference of one degree in its boil- 
ing eleva- ing-point. Hence the boiling-point of water becomes an 
WON indication of the height of any station above the sea- 
level, or, in other words, an indication of the atmospheric pressure; 
and thus, by means of a kettle of boiling water and a thermometer, 
the height of the summit of any mountain may be ascertained with 2 
great degree of accuracy. If the water boils at 211° by the thermome- 
ter, the height of the place is 550 feet; if at 210°, the height is 1,100 
feet; and so on, it being only necessary to multiply 550 by the number 


HEAT. 269 


¢ degrees on the thermometer between the actual boiling-point ae 
: o a6 ascertain the elevation. In the city of Quito, in Sout 
Pciica water boils at 194.2° Fahrenheit; its height above the sea- 
m ? 
j t. 

lis therefore 9,541 fee ce 
Be ks we descend into mines, the pressure of the atmosphere 1s in 

ased, there being more of it above us than at the surface of the 
a inyater; therefore, must be heated to a higher temperature be- 
s e it will boil; and it has been found that a descent of 550 feet, as 
or 

i f one degree. 

ore, makes a difference o e. ee 

Sth: influence of pressure on the boiling-point of a liquid, as water, 


Laebpiorenies 5 wee ledsand 
may be shown by boiling it in a flask until all the air is expelled, an 


quickly corking it tight. 
On inverting the flask, 
the space above the wa- 
ter will be filled with 
steam; but there will be 
such a pressure that the 
water will no longer boil. 
On pouring over the flask 
some cold water, a part 
of the steam will be con- 
densed, the pressure will 
be reduced, and the wa- 
ter will begin to boil 
again (Fig. 189). <a Dp | 
In a vacuum water : 
will begin to boil at ordi- 
nary temperatures. 
Several beautiful ap- 
plications in the arts have 
been made of the princi- 
ple that liquids boil e a 
erature when 
ey Hen pressure of the atmosphere than in the open air. ‘ 
In the refining of sugar, if the sirup is boiled in the open alr, 
the temperature of the boiling point 1s So high that How is suger 
portions of the sugar become decomposed by the excess page is e 
of heat and lost or injured; the sirup Is therefore eee 
boiled in close vessels from which the air has been pre- ie 3 
viously exhausted, and in this way the water of the sirup may 
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€vaporated at a temperature so low as to prevent all Injury from 
heat. 

For cooking, this application could not be carried out. The water 
might, indeed, be made to boil at a temperature much less than 2120: 
but owing to its diminished heat would not produce the desired effect. 

,On the other hand, when water is heated under Pressure, ag for 
example in closed vessels, which do not permit the vapor generate fa 
escape, it may be raised to a much higher temperature than 2130 Fah- 
renheit, without boiling. This principle is employed in the arts in 


extracting gelatine from bones, where a very high temperature je 


required. 


499. Distillation is a process by which one body igs 
What is dis. Separated from another by means of heat, 
vn im cases whereonc-of the.bodies assumes 
the form of vapor at a lower temperature than the 
other: this first rises in the form of vapor, and is 
received and condensed in a separate vessel. 


By this means very volatile bodies can be easily separated from less 
volatile ones ; as brandy and alcohol from the less volatile water which 
may be mixed with them. Water of extreme purity can also be 
obtained by distillation, because the non-volatile and earthy substances 
contained in all spring waters do not ascend with the vapor, but 
remain behind in the vessel. 

Distillation upon a small scale is effected by means of a peculiar- 

ss shaped vessel, called a 
retort, Fig. 190, which 
is half filled with a 
volatile liquid, and 
heated; the steam, as 
it forms, passes through 
the neck of the retort 
into a glass receiver set 
into a vessel filled with 
cold water, and is then 
condensed. 

When the operation of distillation is conducted on an extensive 
scale, a large vessel called a “ s¢:/7” is used; and, for condensing the 
vapor, vats are constructed, holding serpentine pipes, or “worms 


which 
directly 


to contain t 


} UN, 
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esent a greater condensing surface than if the pipe had ase 
an ough the vat. To keep the coil of pipe cool, the vats 
aoe In Fig. 191, the copper vessel or still, A, 


ith cold water. 7 : 
ss ee liquid, is fixed in a furnace. Heat being applied, the 
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passes through the worm, S, which is 
The vapor thus gene- 
t as a liquid by the 


steam rises in the head, B, and 5 
placed in a vessel of water, the refrigerator. 
rated is condensed in its passage, and passes ou 
external pipe into a receiver, D. 

The difference between drying by! : 
one case the substance vaporized, being es no ae : What is the 
allowed to escape or become dissipated in the ae difference 
phere; while in the other, being the valuable part, 1¢ 


heat and distillation is, that in 


epee drying by 

caught and condensed into the liquid form. The vapor | 7) and 
arising from damp linen, if caught and condensed, would distillation ? 
be distilled water; the vapor given out by gels 
baking would, if collected, be a spirit like that obta 
lation of grain. 

soo. As some substances, Le 
pass directly from the solid condition. t 


in the distil- 


by the application of heat, What is sub- 
o the state of lmation: 























































































































































































































































































































































































































272 NATURAL. PHILOSOPHY, 


vapor, So some substances, as camphor, sulphur, arsenic, &¢, 
vaporized by heat, deposit their condensed vapors in a soli 
This process is termed sublimation. 


? When 
d form, 


wre 501. One of the most remarkable cir 
remarkable. cumstances-which accompany the phenom. 


circumstance 


attends ena, both of liquefaction and vaporization 
liquefaction ) 


andvapori- 1S the disappearance of the heat which has 
zeHone effected the change. 


Thus, if a thermometer be applied to a mass of Snow, or ice just 
Hewiay upon the point of melting, it will be found to Stand at 
this principle -32° Fahrenheit. If the ice be placed in a vessel Over a 
be illus- fire, and the temperature tested at the’ moment it has 
crate’ entirely melted, the water produced will have only the 
temperature of 32°, the same as that of the original ice. - Heat, how- 
ever, during the whole process of melting, has been passing rapidly 
into the vessel from the fire ; and if a quantity of mercury, Or a solid 
of the same size, had been exposed to the same amount of heat, it 
would have constantly increased in temperature. It is clear, therefore, 
that the conversion of ice, a solid, into water, a liquid, has been at. 
tended with a disappearance of heat. 

Again: if one pound of water, having a temperature of 174°, be 
mixed with one pound of snow at 32°, we shall obtain two pounds of 
water, having a temperature of 32°. All the heat, therefore, which 
was contained in the hot water, is no longer to be detected by the ther- 
mometer, it having been entirely used up or disposed of in converting 
snow at 32° into water at 32°. Such disappearances always occur 
whenever a solid is converted into a liquid. 

If, however, a pound of water at 32°, instead of ice at the same 
temperature, be mixed with a pound of water at 174°, we shall obtain 
two pounds at 103°, a temperature exactly intermediate between the 
temperatures of the components. But if the pound at 32° had been 
solid, instead of liquid, then the mixture, as before explained, would 
have had a temperature of 32°. It is evident, therefore, that it is the 
process of liquefaction, and it alone, which renders latent or insen- 
sible all that heat which is sensible when the pound of water at 32° 
is liquid. 

In the same manner heat disappears when a liquid is converted into 
a vapor. The absorption of heat, in this instance, may be easily ren- 


es 
i 
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perceptible to the feelings by pouring a few drops of some liquid 
readily evaporates, such as ether, alcohol, &C., How may 
hand. A sensation of cold is immediately ex- the absorp- 
eon Eye : ‘prived of heat. which *°” of heat 
erienced, because the hand is deprives of heat, which | evapora- 
P drawn away to effect the evaporation of the liquid. tion be ren- 
the same principle, inflammation and feverish heat Sees evi- 
: is 
ine head may be allayed by bathing the temples with °° 
2 . 
il logne-water, alcohol, vinegar, &c. 
a If we surround the bulb of .a thermometer loosely with cotton, and 
oisten the latter with ether, the thermometer will speedily fall 


dered 
which 


then m 
yeral degrees. 
a Water, when placed in a vessel over a fire, gradually attains the 


poiling temperature, or 212°; but afterward, however Whig canlnot 
much we may increase the fire, it becomes no hotter, all ater impart 
the heat which is added serving only to convert the water additional 


mPa aie : heat after 
at 212° from a liquid condition into steam or vapor at boiling ? 


212°. . x . . ° t 
soz. If we immerse a thermometer in boiling water, it stands a 


212°; if we place it in-steam immediately above it, it Taare 
indicates the same temperature. We know, however, know ae : 
that steam contains more heat than boiling water, be- gens 212 
cause, if we mix an ounce of water at 212° with fivetandli: meee sea 
a half ounces of water at 32°, we obtain six and a half atthe same 
ounces of water at a temperature of about 60°; but if we pee ae 
mix an ounce of steam at 212° with five and a half 
ounces of water at 32°, we obtain six and a half ounces of water at 
212°. The steam, from which the increased heat is all derived, con- 
tains as much more heat than the ounce of water at the same tempera- 
ture as would be necessary to raise six and a half ounces of water 
from the temperature of 60° to 212°, or six and a half times as much 
heat as would be requisite to raise one ounce of water through about 
152° of temperature. This quantity of heat will therefore be found 
by multiplying 152° by six and a half, which will give a pee of 
983°, — the excess of heat contained in an ounce of steam at 212°, over 
that contained in an ounce of boiling water at the same temperature. 
The absorption of heat consequent on the conversion of solids into 
liquids has been taken advantage of in the arts for the What are 
production of artificial cold; and the compounds of dif- eeenee. 
ferent substances which are made for this purpose are 


called freezing-mixtures. 
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The most simple freezing-mixture is snow and salt. 


Why does 

the mixture 
of snow and 
salt produce 


intense cold ? 


NATURAL PHILOSOPHY, 


in water would occasion a reduction of te 
when the chemical relations of two solid 
on mixing, both are rendered liquid, a still greatey Als. 
gree of cold is produced. Sucha relation exists between 
salt and snow, or ice, and therefore the latter subs 


mperature ; but 
S are Such that 
> 


tances 


are used in preference to water. When the two are mixed, the salt 


causes the snow to melt by reason of its attraction for wa 
water formed dissolves the salt; so that both pass from the gs 
the liquid condition. If the operation is so conducted tha 


ter, and the 


Olid to 
tno heat jy 


supplied from any external source, it follows that the heat absorbed in 
liquefaction must be obtained from the salt and snow which comprise 


the mixture, and they must therefore suffer a depression of te 


Mmpera. 


ture proportional to the heat which is rendered latent. 


In this way a degree of cold equal to 40° below the freezing- 


Point 


of water may.be obtained. The application of this experiment to the 
freezing of ice-creams is familiar to all. 


The air in the spring of the year, when the ice and snow are thaw- 


Why is the 
air in spring 
cold and 
chilly ? 


Why does a 
shower in 
summer cool 
the air? 


Why is the 
warmth of a 
country 
promoted by 
draining ? 


ing, is always peculiarly cold and chilly. This is due to 
the constant absorption of heat from the air by the ice 
and snow, in their transition from a solid to a liquid 
State. 

A shower of rain cools the air in Summer, because 
the earth and the air both part with their heat to pro- 
mot¢ evaporation. In a like manner, the sprinkling of 
a hot room with water cools it. 

The draining of a country increases its warmth, since, 
by withdrawing the water, evaporation is diminished, 
and less heat is subtracted from the earth. | 

The danger arising from wet feet and clothes js 
owing to the absorption of heat from the body by the 


evaporation from the surfaces of the wet materials; the temperature 
Why dowet of the body is in this way reduced below its natural 


feet or 
clothes tend 
to impair the 
health of 

the body ? 


standard, and the proper circulation of the blood inter- 
rupted. 


503. The absorption of heat in the process by which 


liquids are converted into vapor will explain why a. 


Salt dissolye d : gerce furnace, 









































































































































































































































vessel containing a liquid, that is constantly exposed to the action of 
fire, can never receive such a degree of heat as would destroy it. A 
tin kettle containing water may be exposed to the action of the most 
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and remain uninjured; but if it be exposed without 
ater to the most moderate fire, it will soon Why is not 

destroyed. The heat which the fire imparts to the eae 
. ontaining water is immediately absorbed by the eae 
C which the water is converted. So long as exposed to 
a. ntained.in the vessel, this absorption of heat the fire 
sinuses but if any part of the vessel not con- destroyed 
will ¢ 


-. water be exposed to the fire, the metal will be fused, and the 
taining 
yessel destroyed. 


nsed into Under what 
o4. When vapors are conde Gea 


ae iqui changed into solids, stances does 
liquids, and liquids are g . | antec heat 
the latent heat Contained in them is"set | e-7 = 


: sensible ? 
free, or made sensible. 


containing W 


If water be taken into an apartment whose temperature 1s oe 

rees below the freezing-point, and allowed to congeal, it will ren i 
a room sensibly warmer. It is therefore in accordance with is 
Sole that tubs of water are allowed to freeze in cellars, in order 
pr ) ‘ i 

revent excessive cold. 
to a the winter, the weather generally moderates on the fall + ae 
Snow is frozen water; and in its formation heat 1s imparted to 

its temperature increased. 
tmosphere, and its : . | 
: Fn on account of the latent heat it contains, 1s ee is 
; . . . e 3 s 

well adapted for the warming of buildings, or for cook 2 necislly, 
ing. In passing through a line of pipes, or through adapted for 
freat and vegetables, it is condensed, and imparts to the ee oet ae 
adjoining surfaces nearly 1,000° of the latent heat which : 
1 tion. 
it contained before condensa “ 

Steam burns much more severely than boiling water, for the reason 
that the heat it imparts to any surface upon which it is condensed is 


much greater than that of boiling water. 


so5. All bodies contain more or less of heat; but 
issim1 stances, Is the quan- 

equal weights of dissimilar sub jie aes 
having the same sensible temperature, jn an bodies 


es the same? 
contain unequal quantities of heat. 


Thus, if we place a pound of water and a pound of mercury over a 
fire, it will be found that the mercury will attain to any given tem- 
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perature much quicker than the water. Or if we 
How may verse of this experiment, and take two 
shee: sep of mercury and water, and, having hea 
same degree of temperature, allow the 
in the air, it will be found that the water will require 
to cool down to a common temperature than the mérc 
obviously contains more heat at the elevated temp 
mercury, and therefore requires a longer time to cool. 
506. Dissimilar substances require, respectively, different 
Whatisthe 0f heat to raise their temperatures one degree 
meaning of quantity of heat necessary to produce this effe 


the term bo a : ; 
bes ype dy is termed its specific heat. In like Mann 


perform the con 
equal quantities 
m to Coo] freely 
much more time 
ury. The Water 
erature than the 


quantities 
3 and the 


weight which a body includes under a given volun 
is 


termed its specific gravity. 
There are several different ways by means of which the specifi 
heat of bodies may be determinell 


How ma 
y One method, shown in F ig. 192 
b] 


the specific 


i? 
ie 


heat of dif- Consists in inclosing equal Weights | 


soa Paes of different bodies heated to the 
Se eRe ee same temperature, im closed cayj. 

. ties in a block of ice, and meas. 
uring the respective quantities of water which 
they produce by melting the ice. 

The same result may also be obtained by 
what 1s called the method of mixtures. Thus 
if we mix one pound of mercury at 66° with 
one pound of water at 32°, the common tem- 
perature will be 33°. Here the mercury loses 
33°, and the water gains 1°; that is to say, the 

vere : ! 330 ot-the mercury only elevates the water 19°, 

retore the capacity of water for heat is 33 times that of mercury: 
or, if we call the capacity or specific heat of water 1, then the ca fn 
or specific heat of mercury will be gig) OF .0303.* a 

The capacity for heat also increases with the temperature. Thus it 
requires a greater amount of heat to elevate the temperature of plati 
num from 212° to 213°, than from 32° to 33°. me. 


507. Water has a great capacity for heat. In: hot weather it absorbs _ 


when t 
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ores: up immense quantities of heat, with which it slowly parts 
ture sinks. In this it acts as a 

he tempera 7 i way it ac What part 

, of heat, and preserves a more equable tem- goes the 

erature on the face of the earth.* In their passage ocean take 

from warm to cold regions, ocean-currents lose less heat Fe equalizing 

Ap eo. ; empera- 

than would a current of any other liquid. With an ures ? 

ean of mercury, the fall in temperature correspond- 

gagement of a like quantity of heat would be thirty- 


ter than with our ocean of water. 


reservol 


oc : 
ing to the disen 


three times grea 
508. All vapors are elastic, like air. 


The tendency of vapors to expand is unlimited ; 


that is to say, the smallest quantityeoh os 
vapor will diffuse itself through every elasticity of 
part of a vacant space, be its size what osc. 

it may, exercising a greater or less degree of force 
against any obstacle which may have a tendency to 


restrain it. | 
The force with which a vapor expands is called its 


elastic force, or tension. 
The elasticity or pressure of vapors is best illustrated in the case of - 
steam, which may be considered as the type of all vapors. 
When a quantity of pure steam is confined in a close vessel, its 
elastic force will exert on every part of the interior raat 
of the vessel a certain pressure directed outward, hav- manneristhe 
ing a tendency to burst the vessel. elastic force 
When steam is generated in an open vessel, its elastic of ee 
force must be equal to the elastic force or pressure of 
the atmosphere; otherwise the pressure of the air would prevent it 
from forming and rising. Steam, therefore, produced meee ee 
from boiling water at 212° Fahrenheit, 1s capable of gjastic force 
exerting a pressure of fifteen pounds upon every square of steam 
inch of surface, or, one ton on every square foot, a force ee eee 
equivalent to the pressure of the atmosphere. e 







































































* The following table gives the specific heat of some of th Ik * Water on the surface of the ocean chilled by the radiation of its heat, and by cold 
the specific heat of water being taken as the unit: Ice, 0.50 a We Own substances, currents of air from the land, sinks to lower depths. Recent observations show that 
iron, 0,114; silver, 0.056; gold, 0,032; lead, Sign: 2 0.5043 alr, 0.2373 glass, 0,198; | in the depths of the sea the water is at or nearly approaching to the freezing-point of 

. fresh water. 
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If water be boiled under a diminished pressure, and therefo 
_ lower temperature, the steam which is produced 
Towa ay, will have a pressuré which is diminished j 
the elastic P ed ina 
force of degree. If, on the contrary, the pressure unde 
steam be water boils be increased, the boiling temperatur 
increased or death feth t f F 
diminisheq? Water and the pressure o e steam formed willape 


increased in a like proportion. We have, therefore, the 
following rule : — | 


re at a 
from it 
nN equal 
T which 


509. Steam raised from water, boiling under an 


Towhatis given pressure, has an elasticity always 
the elastic 


forceof _ qual to the pressure under which the 


steam water boils. 
always 


equal? Steam of a high elastic force can only be made in 


close vessels or boilers. The water in a steam-boiler, in the first 

ew ie instance, boils at 212°; but the steam thus generated, 
Steamiot being prevented from escaping, presses on the Surface 

high elastic of the water equally as on the surface of the boiler, and 

oe Se therefore the boiling-point of the water becomes higher 

' and higher; or, in other words, the water has to grow 

constantly hotter, in order that the steam may form. The steam thus 

. formed has the same temperature as the water which produces it. 

The temperature of the water in working steam-boilers js always 
rey, much greater than 212°. It should also be borne in 
ettentican mind that water, if subjected to sufficient pressure, can 
water be be heated to any extent without boiling. There is no 
heated under Jimit to the degree to which water may be heated, pro- 
pressure ? : : 

vided the vessel is strong enough to confine the vapor; 
but the expansive force of steam is so enormous under these circum- 
Stances, as to overcome the greatest resistance which has ever been 
exerted upon it. 

If a boiler, containing water thus overheated many degrees beyond 
the boiling-point, be suddenly opened, and the steam allowed to 
merhst expand, the whole water is immediately blown out of the 
ertentican vessel as a mist by the steam formed at the’sanie in- 
steam be ‘Stant throughout every part of the mass. To use a‘ 
heated under common expression, “ the water flashes into steam.” 
pressure ? ; 

Steam, like water, may be heated to any extent when 
confined and prevented from expanding with the increase of tempera- 


e of the ; 
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; me of the methods lately introduced for pauline — 
e., ture of the steam, before its application, 18 require 
y elevated to enable it to melt lead. 


ture? 
the tempera 
be sufficientl ae . 
510. Steam which has been heated in a separa 
state to a high degree of oe What is 
‘“superheated superheate 
under pressure 18 known as “sup peers 
fea, 1n this condition its mechanica 
a chemical powers are wonderfully increased. 
‘ SII Steam eenerated by water boiling at a very 
: igh-press- 
high temperature 1s known as high 3 2 What ie 
ste . 
ure steam. By this term we mean ae ee 
ondensed not by withdrawal of heat, but 
: ust as high-pressure air is merely con- 


To obtain a double, triple, or greater 
ice, thrice, or 


by pressure, } 
densed air. 
pressure of steam, we must have tw 
more steam under the same volume. 


S iZa- 
>. It is an established fact, that the heat absorbed by vapor 
eS he higher the temperature at which this vapot 


fs “adi. 
just in proportion also as vapor ot steam ind 
it contains more latent 


5 


tion is always less, t 

‘on takes place; anc 
ee He Sais by the thermometer, ee eee 
heat. Thus, if water boils at 312°, the heat absorbe i ae a 
11 be less by 100° than if it boiled at 212°. And again, Mie & 
ee : der a diminished pressure at 112°, the heat ZOO in 
We cation will be 100° more than the heat absorbed by water boiled 
Vv I 


at 212°. 


cat 


SECTION IV. 


THE STEAM-ENGINE. 


ine 1 ical contrivance 
313. The steam-engine 1s a mechanic 


by which coal, wood, or other fuel is ren- soteeine 


dered capable of executing any kind of ee, 


labor. 


ber 
In a steam-engine heat, derived from the combustion of fuel in 
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furnace, is transformed into mechanical action throu 
water and steam. The energy originally derived { 
Stored up in the fuel, is employed to do work 

changed into motion of the mass. 

A greater amount of heat passes into an engine than leaves i+. 

eon only of the heat is transformed into mechanical w nay 
as been found that the amount of heat consumed follows a a 
the law expressed by Joule’s Equivalent. ee 
It has been found by experiment that the 


How does ; great 

here rey amount of force which a man can exert when q a 

a man.com." 10g: his strength to: the: best advantage ‘through il 
e 


pare with help of machinery, is equal to elevating one and a half 
a 


the force milli : . 
cedeeccce lions of pounds to the height of one foot, by work 


a the com- Ing on a treadmill continuously for eight hour 
bestia of Ween steam-engine will perform the on 
go with an expenditure of a pound and a half of 
Hew nace The average power of an able-bodied man durin hi 
coal is equiv- 4Ctive life, supposing him to work for twent ie 
alee to the the rate of eight hours per day, is ; z we 
ole active uivalent of be a Ebene ae by an 
powerof a quivalent o about four tons of coal, since the c 
rant sumption of that amount will evolve in a steam a 
fully as much mechanical force. ao 


gh the agency of 
rom the Sun, and 
It is atomic motion 


514. Steam is rendered useful for mechanical] pur- 


How is poses, simply by j < 
Scent ae ply by its pressure, or elastic 
available for s 

mechanical 
purposes ? 


- Steam can not, like wind and water, be made to act 
poe ee a are) by its impulse in the open air, because 
a as tum 0 ane poy a fluid, unless generated in vast quantities 
Inconsiderable. The first atte 
mpts, howeve 
eae, ; r, to emplo 
aa a Bs par Pe power, consisted in directing a current of steal 
outh of a tube agai 
ce gainst the floats or vanes of a revolving 
eaeiee Eee cee 
ms hie He this kind, invented more than two thousand years 
Ree Ne O eee Is represented in Fig. 193. It consists of 
ollow sphere, furnished with ar 
ms at right ang] i 
ae : gn gies to its axis 
| i onees are bent in opposite directions. The sphere is sues 
etween two columns, bent and pointed at their extremities as 
3 
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in the figure: one of these is hollow, and conveys steam 
Jer below, into the sphere; and the escape of the vapor 
from the small tubes, by the re-action, 
roduces 4 rotary motion. 
In order to render the pressure of 
steam practically avail: tak eae tne 


able in machinery, it is pressure of 


that it should steam avail- 
ee) able in 


be confined within 9 machinery, 
cavity which is alt- what condi- 


Be ricer So 

ed that its dimensions 

or capacity can be enlarged or dimin- 
ished without impairing its tightness. A 
When the steam enters such a ves- 
sel, its elastic force, pressing against 
some movable part, causes it to re- 
cede before it; and from this movable 
otion is communicated to ma- 


from the bol 


part m 


chinery- 
The practical arrangement by 


which such a result is accomplished is 
by having a hollow cylinder, A B, Fig. 194, with a 
movable piston, D, accurately fitted to its poy are 
cavity. When steam under pressure In a these con- 
boiler is admitted into the cylinder below ditions 
the piston, it expands, and, acting upon attainges 
the under surface of the piston, causes it to rise, lifting 
the piston-rod along with it. If the steam be then con- 
densed, a-vacuum is formed beneath the piston. The 
pressure of the atmosphere then, acting upon the other 
side of the piston, will drive it down. The piston may 
be raised anew by the admission of more steam, to be 


e e e ° ' 
condensed in its turn; and in this manner the alternate 


motion may be continued indefinitely. The alternating 

or reciprocating motion of the piston is converted, by 

Fic. 194- — eans of a lever and crank attached to the top of the 
piston-rod, into a rotary motion, suitable for driving-wheels, shafts, 


and other machinery. 


Such an arrangement as described constituted the first practical 
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Steam-engine. It received the name of the atmospheric engine, 
the fact that the pressure of the atmosphere was employed to 
down the piston after it had been elevated by the steam. 

515. In modern engines, the pressure of the atmosphere is not 
Whatisthe ¢Mployed to drive the piston down. The steam js 


construction admitted into the cylinder above the piston, at the same 
and opera- 


Geese s time that it is condensed or withdrawn from below, and 
condensing _ thus exerts its expansive force in the returning as wel] 


steam- as in the ascending stroke. This results In a great 
engine? anes f 
Increase of power. 


from 
Press 


516. The practical construction of the piston and cylinder, and the 
Describe the @!Tangement of connecting pipes by which steam is 
construction admitted alternately above and below the piston, is fully 
of the piston shown in Fig. 195. The steam passes from the boiler 
and cylinder. . 5 = ; 

Into the cylinder by means of the pipe M and the valves 
A and B. These valves are opened and closed by the rod R. In the 
7 drawing the valve 
A is open, and 
steam is forcing 
the piston down, 
while the steam 
below the piston 
iS passing into the 
condenser through 
the valve B and 
the pipe N. When 
the piston reaches 
its lowest point, 
the position of the 
valves will be re- 
versed, and steam 
entering beneath 
the piston will 
force it up. 

A steam-engine 
of this character is called a condensing steam-engine, because the 
steam which has been employed in raising or depressing the piston 
is condensed, after it has accomplished its object, leaving a vacuum 
above or below the piston. It is also called a low-pressure engine, 
because, on account of the vacuum which is produced alternately above 
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and below the piston, the en dae oe a ee ee 8 
: of the atmos , , aaa 
p ; ee cae Pa: of low seat force, or, as It 1s 
ES lag ‘“‘ low-pressure.” 
oo ae det pore for condensing the steam alter- 
ae below the piston is dispensed with, and What is a 
fe . fter it has moved the piston from one end of nie D Hees 
= ee to the other, is allowed to escape, by the “*° ee 
os ee a ralve, directly into the air. To accomplish this, it 1s ev1- 
ee. 2 Se must have an elastic force greater than the press- 
a! ae os osphere, or it could not expand and drive out the 
i Een’ side of the piston, in opposition to the press- 
Ses An engine of this character is accordingly termed a 


wast 
ure of the air. 
“ high-pressure ” engine. 
High-pressure engines are ae eas 
i Ss per square inc 5 
ee eer ee expended in oer nee ee 
of the atmosphere, and the surplus only can be applied to 


lly worked with a pressure of from 
of this pressure, 


chinery. . oe 
Bone ae the most familiar examples of a high-pressure engine 1s the 


locomotive used on railroads. The steam which Hee ee 
in forcing the piston in one direction is, by the. sign ae ae 
the piston, forced out of oe into the smoke-pipe, 

i ir with irregular puis. . 
Be ccrescue ee generally are ee where 
simplicity and lightness are required, as in the cas : waist = 
the locomotive; also in situations where a ae 5 oem 

of water for condensation can not be readily pam qos eaee 
As they use steam at a much higher pressure t Ss ee oe Be 
condensing engines, they are more liable to accl ee eee 
arising from explosions. ee eee 
é i j-pr cl in 
ae ee see fe only parts necessary being the boiler, 


inder, piston, and valves. 
oA it is not necessary in the steam-eng fe. 
flow continuously from the boiler into the cylinder ae When is 
the whole movement of the piston, but it may be cu : Tea 
before it has fully completed its ascent or descent a : : ay 
linder. The steam already in the cylinder immediately ; 
nas and completes the movement already begun, thus saving a 


engine that the steam should 


expands, 
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am, and that it should offer a 





the expansion of the ste 








considerable quantity of steam at each movement. Steam employe a q to occur of surface to the fire to insure the requi- What are 
in this way is said to be used expansively. — = sufficient €X f vaporization. In common low-pressure the essential 
To carry out this plan to the best advantage, the expansive force of eee Cite amount © Sask eight square feet of surface of ceguislG? of 
° ° ° ° . i equ ZA as ig 
the steam must be greatly increased by working it under a high Pressure, a 4 poilers, it Pie exposed to the action of the fire and ne fir 
519. In many engines the supply of steam to the cylinder is regu. Z ; the boiler +1 off a cubic foot of water in an hour; and 
He arms lated by an apparatus called the governor. This con. lm 4 flame, to bol € water, in its conversion into steam, equals one horse 
era aes sists, as is represented in Fig. 196, of two heavy balls, - a cubic foot © d 
steam- E, connected by jointed rods, with a revolving axis, q powe!. 
engines 
regulated ? 





























ae = 
( 
‘ 


D. When the axis is made to revolve rapidly, the 4 ae \ | \ 
\ a 


centrifugal force tends to make the balls diverge or q Mn 
separate from one another, in the same manner as the two legs of a 4 G 
tongs will fly apart : | ) 
when whirled round 
by the top. This dj. 
vergence draws down 
the jointed rods; but 
a slower motion of 
the axis causes the 
balls, on the contrary, 
to approach each 
other, and thus push 
them up. These 
movements of the 
jointed rods in turn 
raise or lower the end 
of a bar, H, which 
acts as a lever, and moves a valve which increases or diminishes the 
quantity of steam admitted from the boilers into the cylinder, thus . 4 \ Sin 
preserving the motion of the engine uniform. sf aa Zo LEI ii 

In stationary engines, also, a large and heavy fly-wheel is often | 
used, which by its momentum causes the machinery to. move uninter. 
ruptedly, even if the pressure of steam be less at one point than at 
another. 

Fig. 197 illustrates the principal parts of a condensing steam-engine 
and its mode of action. Fic 1097. ; 

520. Steam-boilers, which, although necessary to the generation of | boiler, and one of the earliest which was 
the power, are quite independent of the engine, are constructed of 7 The strongest form for a Os ; rm is the one which offers least 
thick sheets of iron or copper, strongly riveted together. e used, is that of a sphere ; but are S linder is on many accounts the 

The essential requisites of a steam-boiler are, that it should possess . surface to the’ fire. The figure of a bs for engines of high press 
sufficient strength to resist the greatest pressure which is ever liable J 4 best, and is now extensively used, especially 
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ure. It has the advantage of being easily constructed from sheets of 
metal, and the form is of equal strength except at the ends. 
boiler, the ends should be made thicker than the other parts. 
521. A very great improvement was effected 
Whatisthe 1 the construction of steam-boj]- 
construction ers, by placing a cylindrical fyy. 
of a flue- nace within a cylindrical boiler 
boiler ? : z 
thus surrounding the heated sy; 
faces with water upon all sides. By this 
method, all the heat, except what escapes up 
the chimney, is communicated to the water, 
Such boilers aie known as “ flue-boilers.” Their 
general form and plan of construction are rep- 


In such g 


Fic. 198. 


resented in Fig. 108. 

522. The requirements of a boiler suitable for a locomotive are, that 
Wihetate the greatest possible quantity of water should be evapo- 
the peculiar. ated with the greatest rapidity in the least possible space. 
ities of a The quantity of fuel-consumed is a secondary considera- 
IOC ORO Ve:  “tiony as thieecam be caried ina separate vehicle. The 
boiler ? es ? : : 

principle by which this has been accomplished, and the 
invention of which may be said to have made the present railway- 


System, consists in carrying | 


the hot product of the fire 
through the water in numer- 
ous small parallel flues or 
I tubes, thus dividing the heat- 
le i | ed matter, and, as it were, 
Fens SMIMINe filtering it through the water 
to be heated. In this man- 

ner the surfaces by which 

the water’ and the heaving 

gases communicate are im- 

mensely increased; the whole 

having a resemblance to the 

mechanism of the lungs of 

animals, in which the air and 

the blood are divided, and 

presented to each other at as 

many points, and with as little intervening matter between them, as is 
consistent with their separation. Fig. 199 represents the interior of the 


| 


I 


tl 
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pox of a locomotive, showing the opening of the tubes, which 
E. : through the whole length of the boiler, and are surrounded 
i ater. The smoke and other products of combustion pass 
i i a tubes, and finally escape up the smoke-pipe. It will be 
ie observed by the examination of the figure, that the fire-box 1s 
ec walled, or rather walled and roofed with a layer of water, leav- 
a lv the bottom vacant, which receives the grate-bars. 
a a "The safety-valve is generally a conical lid fitted into the boiler, 
aa opening Describe the ‘ | 
outward. It safety-valve. ———— 
is kept down by a weight, 
acting on the end of a lever, 
equal to the pressure which 


iler i able of sus- 

- acon danger from the steam generated wach: liievethe 
- :, of steam at any time exceeds the pressure, 1t overcomes the 
7 ee of the weight, lifts the valve, and allows the steam to escape. 

hen sufficient steam has escaped to diminish the pressure, the valve 
ae back into its place, and the boiler is as tight as if it had no such 
ie 200 represents the ordinary construction of the safety-valve. 

ae The explosion of steam-boilers, when the safety-valve is in 
good condition and working-order, 1s sometimes inex- How does a 
plicable ; but explosions often result from the engineer diminution 
allowing the water to become too low in the boilers. OES gan 
When this occurs, the parts of the boiler which are not ee ae 
covered with water, and are exposed to the fire, ae epiocions? 
highly overheated. UH, in this condition, a fresh supply - os 
of water is thrown into the boiler, it comes suddenly into con ; ae 
an intensely-heated metal surface, and an immense ee of s ae 
having great elastic force, is at once generated. : this ar os 
boiler may burst before the inertia a the faa is overcome, 

boiler the greater the explosion. 

c... ‘The nee of ae which the steam exerts upon the 
‘nterior of the boiler, and which is consequently availa- what is 
ble for working the engine, is indicated by means of an é eee 
instrument called the “steam” or “ barometer gauge. : . 
It consists simply of a bent tube, A CDE, Fig. 201, fitted into : 
boiler at one end, and open to the air at the other. The lower oe 
of the bend of the tube contains mercury, which, when the pressure o 
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steam in the boiler is equal to that of the externa] atmosphere, wi} 
stand at the same level, H R, in both legs of the tube. When the 
pressure of the steam is greater than 
that of the atmosphere, the mercury jg 
depressed in the leg C D, and elevateq 
in the leg DE. A scale, G, is attached 
to the long arm of the tube; and, by 
observing the difference of the levels 
of the mercury in the two tubes, the 
pressure of the steam may be calcu. 
lated. Thus, when the mercury js at 
the same level in both legs, the press. 
ure of the steam balances the pressure 
of the atmosphere, and is therefore fif- 
teen pounds per square inch. If the 
mercury stands thirty inches higher jn 
the long arm of the tube, then the press- 
ure of the steam is equal to that of two atmospheres, or is thirty 
pounds to the square inch, and so on. 
As the pressure of steam increases with its temperature, the press. 
ure upon the interior of the boiler may also be known 
Mowscanihe by means. ofta thermometer inserted into the boil 
pressure of a : ones 
Stennaie Thus it has been ascertained that steam at 212° balances 
indicated by the atmosphere, or exerts a pressure of 15 pounds per 
pi aaa Square inch; at 250°, 30 pounds; at 276°, 45 pounds; 
at 294°, 60 pounds, and so on. 

526. The steam-whistle attached to locomotive and other engines is 
Describe the Produced by causing the steam to issue from a narrow 
steam- circular slit, or aperture, cut in the rim of a metal cup; 
whistle. directly over this is suspended a bell formed like the 
bell of a clock. The steam, escaping from the narrow aperture, strikes 
upon the edge or rim of the bell, and thus produces an exceedingly 
sharp and piercing sound. The size of the concentric part whence the 
steam escapes, and the depth of the bell part, and their distance 
asunder, regulate the tones of the whistle from a shrill treble to a deep 
bass. 


CHAPTER XII. 
METEOROLOGY. 


327. Meteorology is that department of physical 


cience which treats of the atmosphere what is 


: 1 1 1 meteor- 
and its phenomena, particularly in its se 


relation to heat and moisture. - 
528. By climate we mean the condition of a place 


: henomena of What do we 
in relation to the various p Wie 


the atmosphere, as temperature, moisture, the term 
ec: 
&c. Thus we speak of a warm or cold “"™* 
climate, a moist or dry climate, &c. : 
529. The mean or average temperature of the day 


ometer at How is the 
is found by observing the therm Fey sete 


fixed intervals of time during the twenty- perature of a 
WWidi ound: 
four hours, and then dividing the sum of “” 


the temperatures by the number of observations. 
From such a series of observations it has been found ate bees 

that the lowest temperature of the day ecouts shortly puratuterel 

before sunrise, and the highest about two o clock in the the day the 


: ighest and 
. r, and somewhat hig 
afternoon; somewhat later in summer, ioc aeee 


earlier in winter. 


The mean annual temperature of any particular 
location is found by taking the average of all the 


mean daily temperatures throughout the year. 
289 






































































































































































































































































































































































































































































































































290 NATURAL PHILOSOPHY. 


The mean daily temperature of any place seems to varyina regulay 
and constant manner, while the mean annual temperature of the same 
location is very nearly a constant quantity. Thus, by long observa. 
tions made in Philadelphia, it has been found that the mean daily tem. 
perature of that locality is one degree less than the temperature a¢ 
nine o’clock A.M. at the same place; while the mean annual tempera- 
ture of Paris varied only four degrees in thirteen’ years. 

All the results of observation seem to-show that the same quantit 
of heat is always annually distributed over the earth’s surface, although 
unequally, —that is to say, the average annual temperature of each 
place upon the earth’s surface is very nearly the same. In our lati. 
tude, July is on the average the hottest month, and January the cold. 
est; and, in reference to particular days, we may on an average con- 
sider the 26th of July as the hottest, and the r4th of January as the 


coldest, day of the year, for the temperate zone of the northern hem. 
sphere. 


The average annual temperature of the atmos- 
How does Phere diminishes from the equator toward 


temperature : 
vary with either pole. 


the latitude ? : . 
At the equator in Brazil, the average annual temper- 


ature is 84° Fahrenheit’s thermometer ; at Calcutta, lat. 22° 35’ N., the 
annual temperature is 78° F.; at Savannah, lat. 32° s/ N., the annual 
temperature is 65° F.; at London, lat. 51° 31’ N., the annual temper- 
ature is 47° F.; at Melville Island, lat. 74° 47’ N., the average annual 
temperature is 1° below zero. 7 

If the whole surface of the earth were covered by water, or if it 
Whyisnot Were all formed of solid plane land, possessing every- 
the temper- _ where the same character, and having an equal capacity 
eae at all places for absorbing and again radiating heat, 
ing the same the temperature of a place would depend only on its 
latitude geographical latitude, and consequently all places hav- 
ahiee ing the same latitude would have a like climate. Owing, 
however, to various disturbing causes, such as the elevation and form 
of the land, the proximity of the sea, the direction of the winds, &c., 
places of the same latitude, and comparatively near each other, have 
very different temperatures. 

In warm climates the proximity of the sea tends to diminish the 
heat; in cold climates, to mitigate the cold. Islands and peninsulas 


ar 
the 
wind 


and retains 1 


I 
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ts; bays and inland seas also tend 2 ie 
Chains of mountains which ward oO oe 
but mountains which ward off sou 

is warmer than 


warmer than continen 
e 
mean temperature. 
‘rature 5; 
ment the tempera ; ains 1 
S nas lower it. A sandy soil, which is dry, 


and west soil, which is wet and subject to great evaporation. 
3 


o, Air absorbs moisture at all temperatures, 
530. 


it 1 invisi This what is the 
tin an invisible state. wie 


) ir its capacity for i; for 
ower of the air 1s termed Pp air for 


absorption. — 
The capacity o 
temperature. 


{ air for moisture increases with the 


\ 


air at 32° can absorb an amount of puke © 
dred and sixtieth part of its own weight ; and, for e oe ba 
eee. oi ditional degrees of heat, the quantity of moisture i ee 
rb at nee doubled... Thus a body of air at 32° Sete 
Bee ise 6oth part of its own weight; at 59° 1045 the Sonny 
ne ac bs ste F., the 2oth part of its own weight in moist: 
ee Gian this, that, while the temperature of the 
rca arithrnctical series, its capacity for moisture 1S acceie- 
adv 


rated in a geometrical series. 


A volume of 


ty-seven ad 


i it 
Air is said to be saturated with moisture when 


S ee 
contains as much of the vapor OF Water as, fo ce 


: ; 1 tem- said to be 
it is capable of holding with 4 Sh Se saturated ? 


perature. 


n water evaporates quickly, or any wetted 
damp when moistened surfaces 
’ not at all, and the slightest diminution of temperature 
cece sture in the form of mist and rain. These 
convey altogether a correct iden of the 
since air which we term “dry ~ may bon 
hich we distinguish as “ damp. 
re in reference to 
” and “relative” 


ee he 
We say that air is dry w iter 
surface dries rapidly ; and that it 1s 


dry slowly, ; 
occasions a deposit of mol 
expressions do not, however, 
condition of the atmosphere, 
tain much more moisture than that w ee 
For indicating the true condition of the atmosp 


‘“‘ absolute 
moisture, we therefore use the terms “a 


humidity. 













































































































































































































































































































































































































































































































































































292 NATURAL PHILOSOPHY. 


When we speak of the absolute humidity of the air, we 
What is ence to the quantity of moisture contained 
meant by volume. By relative humidity, we refer to its Proximit 
ees and to saturation. Relative humidity is a state dependent 
pee idity ? upon the mutual influence of absolute humidity and 

temperature; for a given volume of air may be made to 
pass from a state of dampness to one of extreme dryness, by merely 
elevating its temperature, and this, too, without altering the amount of 
moisture it contains in the least degree. 

The aqueous vapor obstructs the radiation of heat from the earth’s 
surface. If the earth’s radiation of heat were unchecked, in one sum. 
mer’s night every plant capable of being destroyed by cold would 
perish. The aqueous vapor prevents the escape of heat from the 
earth, and, by acting as a blanket, moderates the climate. 


Ma given 


531. Instruments designed for measuring the quan. 


What are tity of moisture contained in the atmos. 
ygrom- 


eters? phere are called Hygrometers.* 


Many organic bodies have the property of absorbing vapor, and 
Upon what thus increasing their dimensions. Among such may be 
principle are mentioned hair, wood, whalebone, ivory, &c. Any of 
hygrometers these, connected with a mechanical arrangement by 
Peet which the change in volume might be registered, would 
furnish a hygrometer. 

A large sponge, if dipped in a solution of salt, potash, soda, or any 
other substance which has a Strong attraction for water, and then 
Squeezed almost dry, will, upon being balanced in a pair of scales sus- 
pended from a steady support, be found to preponderate or ascend 
according to the relative dampness or dryness of the weather. 

The beard of the wild oat may also serve as a hygrometer, as it 
twists around during atmospheric changes from dampness to dryness. 

If we fix against a wall a long piece of catgut, and hang a weight 
to the end of it, it will be observed, as the air becomes moist. or dry, 
to alter in length; and by marking a scale, the two extremities of 
which are determined by observation when the air is very dry, and 


when it is saturated with moisture, it will be found easy to measure 
the variations. 


* Hygrometer, from the Greek words bypoc, moist, and HETPOV, measure. 


have refer 
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re upon 
An instrument called the “hair-hygrometer ” is constructed up 


-. principle. It consists of a human Describe 
ie d at one extremity to a4 the “‘ hair- 
oe a dat the other hygrome- 

Praw (see Fig. 202), an a aA 
ie: over a pulley, being strained 
aah q silk thread and weight also attached to 
Bic, To the axis of the pulley an index is 

hed, which passes over a graduated scale, SO 
a. “in pulley turns, through the shortening or 
“a ike of the hair, the index moves. When 
Be trument is in a damp atmosphere, the hair 
Oe ie a considerable amount of vapor, and is 
We cide longer, while in dry air it becomes 
i... so that the index is of course turned 
i aately from one side to the other. bratea 
The instrument is graduated by first p ae 

air artificially made as dry as possible; and the 
E a on the scale at which the index stops under 
a circumstances is the point of greatest dry- 

and is marked o. The hygrometer is then 
ed in a confined space of air ee oN 
pletely saturated with vapor, and under pas a ; 
cumstances the index moves to the Sn oe + : 

ich is st moisture, 1s mark : ive 

a i ies Foe ae one hundred equal parts, which indicate 
spac 


moisture. 
erent degrees of ae | ae 
Beech hygrometers are not, however, considered as altoge 


tight 
the P 





scale: this point, 
The intervening 


reliable. 


SECON 


4 


PHENOMENA AND PRODUCTION OF DEW. 


332. Dew is the moisture of the air condensed by 
coming in contact with bodies colder than whatis 


dew ? 


itself. | , 
533. The temperature at which the condensation 












































































































































































































































































































































































































































































































































294 NATURAL PHILOSOPHY. 


of moisture in the atmosphere commences, or the 
Whatisthe degree indicated by the thermometer; at 
Gew-point ‘which dew begins to be deposited, is Calleq 
the “dew-point.” 


This point is by no means constant or invariable, since dew 
Isthedew- deposited when the air is saturated with vapor, 
pointacon- amount of moisture required to saturate air o 
Stantone? —_ temperature is much greater than air of low tempe 

If the saturation be complete, the least diminution of temp 
is attended with the formation of dew; but, if the air is dry, a body 
must be several degrees colder before moisture is deposited on its 
surface; and, indeed, the dryer the atmosphere, the greater will be the 
difference between the temperature and its dew-point. 

Dew may be produced at any time by bringing a vessel of cold 

water into a warm room. The sides of the vesse] Coo] 
How may the ; : : 
productioniot the surrounding air to such an extent that it can po 


is On] 


£ hi gh 
fature, 
erature 


dew be occa- longer retain all its vapor, or, in other words, the teri 


sioned at any 


time? perature of the air is reduced below the dew-point; 


dew therefore forms upon the vessel. A pitcher of 
water under such circumstances is vulgarly said to “ sweat.” 

In a clear summer’s night, when dew is depositing, a thermometer 
laid upon the grass will sink nearly twenty degrees below one sys- 
pended in the air at a little distance above. 

Upcnswhat All bodies have not an equal capacity for radiating 
substancesis eat, but some cool much more rapidly and perfectly 
dew depos- than others. Hence it follows, that, with the same 
peer exposure, some bodies will be densely covered with dew, 
while others will remain perfectly dry. 

Grass, the leaves of trees, wood, &c., radiate heat very freely; but 
polished metals, smooth stones, and woolen cloth part with their heat 
Slowly : the former of these substances will therefore be completely 
drenched with dew, while the latter, in the same situations, will be 
almost dry. 

The surfaces of rocks and barren lands are so compact and hard, 
that they can neither absorb nor radiate much heat; and, as their tem- 
perature varies but slightly, very little dew deposits upon them. Cul- 
tivated soils, on the contrary, being loose and porous, very freely radi- 
ate by night the heat which they absorb by day; in consequence of 
which .they.are much cooled down, and plentifully condense the vapor 


if 


a 
a 


and the q 
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he air into dew. Such a condition of things is a remarkable evl- 

. £ design on the part of the Creator; since every plant, and inch 
4 Bead which needs the moisture of dew is adapted to collect it, oe 
, a single drop is wasted where its refreshing moisture 1s no 
n 
Be ew is deposited most freely upon a calm, clear night; since 
aa Sieh circumstances heat radiates from the earth Bae els 

freely, and is lost in space. Ona cloudy night, on cumstances 
Ps the deposition of dew is almost entirely influence the 
Be since the : f£ the clouds turn Production 
interrupted ; since the lower surfaces oO ae Eee 
back the rays of heat as they radiate, JSS O ee 
the earth, and prevent their dispersion into space: t = De 
earth is not therefore cooled down sufficiently to chill the vap 

irl ew. 
Be kc wind blows briskly, also, little or no dew iS formed oe 
warm air is constantly brought into contact with solid bodies, and p 


vents their reduction in temperature. 


Dew is always formed upon the surface of the 


F . DApe o Can dew be 
material upon which it is found, and does Se eee 


not fall from the atmosphére. to fall? 


Other things being equal, dew is most abundant in eee nd 
exposed, because the radiation of heat is not arrested by oo on 
&c. Little dew is ever observed in the piicets of les, oe ees 
objects are necessarily exposed to each other s radiation, . Aen 
change of heat takes place, which maintains them at a temp 

ith the air. sae . 
ie ae falls upon the surface of water, or upon ships in mid- 
ocean. ‘The reason of this is, that, whenever the aqueous Dace daw 
particles at the surface are cooled, they become heavier oes Be 
than those below them, and sink, while warmer and eee 3 
lighter particles rise to the top. These, in their turn, ee 
become heavier, and descend; and this process, continuing t ee oe 
the night, maintains the surface of the water and the air at nearly 

Les 
Bee raiced most copiously in tropical countries, pr 
there is in such latitudes the greatest difference between the ee 
ture of the day and that of the night. The jae f es 
is also greatest in tropical countries ; and a great part of the noc 


















































































































































































































































































































































































































































































































































296 NATURAL PHILOSOPHY 


Cooling is due to the leaves, which present to the sk 
ber. of thin bodies, having large surface, well adapt 


535. Frost is frozen dew. 


y an immense num 
ed to radiate heat 


When the tem 

perature of th 
What is ; a He 
frost ? 


: on which i 
posited sinks below 32° Fahrenheit meee” “a 


freezes, and ass 

ume 

Is called “frost.” Re oe 
Shrubs and low plants are more liable 
rees of a greater elevation, since the 
the ground is the most reduced in temp 


the Moisture 
constituting what 


to be injured by frost than 


air Contiguous to the Surface 
erature. : 


a exceedingly thin covering of muslin mattin 
Why doesa &C-, will prevent the deposition of dew a 


thin cover- 


{ fr ° e e 

ing en oe oer upon an object, since it prevents th 

objects from radiation of heat, anda ‘a 

cretion: oa ; consequent cooling 
client to occasion the production of 


either dew or frost. 
39 
3A rostlor De 


Surface of 
the earth, 59°. 


-—_-__oo 


In the day- | In clear | 
and ser 
time. nights, Deh 


Gey I 
No dew or frost. | No age or frost. 


—— 


oudyorwindy|} Clear nigh 
. t ; 
nights, soil Bret eal 


Fig. 203, 
the numeral 


I . -e e ° 
n which the arrows indicate the movements of heat, and 
9 


s the temperatures 

of the earth an 
circumstances, will render the explanations of th 
and frost more intelligible. 


d air under different 
€ phenomena of dew 


METEOROLOGY. 20/ 


The figures in the middle of the diagram represent the temperature 
of the air at a distance from the surface of the earth; the figures in 
the margin, the temperature of the air adjoining the surface of the 
earth; the figures below the margin, the temperature of the earth 
itself. The directions of the arrows represent the radiation and 
reflection of the heat. 


SECTION II. 


CLOUDS, RAIN, SNOW, AND HAIL. 


536. Clouds consist of vapor evaporated from 
the earth, and partially condensed in the what are 
higher regions of the atmosphere. clouds? 

When air saturated with vapor, in immediate con- 
tact with the surface of the earth, is cooled: a aaks 
down rapidly, its vapor is condensed ; if or fog occa- 
the condensation, however, is not sufficient sonnet 
to allow of its precipitation in drops, it floats above 


the surface of the earth as mist or fog. 
Clouds, fog, and mist differ only in one respect. 


Clouds float at an elevation in the air, How do 
clouds, feg, 


while fogs and mists come in Comtact WItM andtmuce 
the surface of the earth. differ? 


Mist and fog are also formed when the water of lakes and rivers, 
or the damp ground, is warmer than the surrounding air which is 
saturated with moisture. ‘The vapors which rise in consequence of 
the higher temperature of the water are immediately re-condensed 
as soon as they diffuse themselves through the colder air. ; 

Mist and fog are observed most frequently over rivers and marshes ; 
because in such situations the air is nearly saturated with vapor, and 
therefore the least depression of temperature will compel it to relin- 
quish some of its moisture. 

The moisture contained in the air we expel from the lungs in the 
process of respiration is visible in winter, but not in summer. The 
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reason of this is, that in cold weather the vapor is condensed by the tain-peaks, when the atmosphere elsewhere is clear 


Whyisthe ¢xternal air, but in summer the temperature of = Agios 
of a by 
moisture of 1s not sufficiently reduced to effect condensation the ai 3 - and free from clouds. This is caused J ee 


OE ees During the daily process of evaporation from t] the wind impelling up the sides of the frequently 
1€ 


visible in 
winter, and Surface of the earth, warm, humi valores 
» humid currents are continy, mountains the warm, humid air of the et 


not in ally ascending. The higher 7 . : : ers Y 
summer ? 4] Y g- the higher they ascend, the Colder jp; leys, the moisture of which, in its ascent, mountain- 
1e atmosphere into which they enter; and, as the 4 cy>s ld al peaks? 
tinue to rise, a point will at length. be attained, where, in one an 4 q gradually becomes condensed by cold, an és 
Wet the colder air, their original humidity can no longer a | F appears as a cloud. | 

‘ ° x e i x Pe e b . 8 . ° v : 
manner are retained: a cloud will then appear, which INCreases jp) , 7527 Clouds are generally divided into four great 


clouds bulk with the u d 4 
formed? Pward progress of the current into a 3 ‘ : 
regions. Colder . classes ; VI1Z., the Cirrus, the Cumulus, the noe 


owa person in the valley, the top of a mountain may -., - | Stratus, and the Mmbus. clouds ate : 
enveloped in clouds; while, if he were at the summit, he would } The cirrus* cloud consists of very deli- recognize 
surrounded by a mist or fog. i ; k feather filaments, and is uSu- 
Bear! 4 Or ’ 
Clouds frequently appear and disappear with a change in the direc q cate thin eed. = y ] : in 3 

Eowide tion and character of the wind. Thus, if a cold win : ; ally seen floating af Sica a oe cloud? 

= 2 4 - 5 ° : cirrus ¥ 
as blows suddenly over any region, it condenses the invig. q the sky during the continuance of fine 

‘ble vapor of the air into cloud or rain; but, if a warm | q ther 
wind blows over any region, it disperses the clouds by absorbing thej -_ ee 
moisture. 7 a 
What is the The average height at which clouds float above the 
Stent surface of the earth in a calm day is between one and - _ 

eight o two miles. Light, f = 
eloude? : ght, tleecy clouds, however, sometimes 3 F 1 of large rounded 

attain an elevation of five or six miles. 1 : The cumulus 7 cloud consists g 
When clouds are not continuous over the whole surface of the sky masses of vapor, apparently resting UPON vrotis the 
What occa- ee circumstances contribute to give them a rough | —_—_——n a horizontal basis. When lighted up by ce 
sions the ne uneven appearance. The rays of the sun, fallin the “ap- a 
4 : clouds present the ap 
piceulae upon different surfaces at different angles, melt awa 4 eo! cue ce 
roken ° 

gadearance * ONe set of elevations, and create another set of depres- i 
of clouds ? sions; the heat also, which is liberated below in the .  @ The cumulus is especially the cloud of day, and its figure 1 
i process of condensation, the currents of warm air escap-- TS q perfect during the fine warm days of summer. 
28 rom the earth, and of cold air descending from above, all tend to q a Fis. 204, B, illustrates the appearance of the cumulus cloud. - 
keep the clouds In a state of agitation, upheaval, and depression. ie These clouds appear in greatest number at noon, on a fine day, but 
Under these influences, the masses of condensed vapor composing the -_ gq disappear as evening approaches. The explanation of this 1s, that at 
clouds are caused to assume all manner of grotesque and fanciful shapes. 4 i. noon the currents of warm air ascending from the earth are more 

The shape and position of clouds are also undoubtedly influenced in 3 4 buoyant, larger, and rise higher; and, when condensed, form large 
a considerable degree by their electrical condition. _— masses of clouds, each of which may be considered as the capital of a 








































































































It is highly probable that the cirrus cloud, at great elevations, does 


not consist of vesicles of mist, but of flakes of snow. 
Fig 204, A, represents the appearance of this variety of cloud. 












































pearance of mountains of snow. 
s most 











































































































* From the Latin word czrvzs, — a lock of hair, or curl. 


Clouds are frequently seen to collect around moun- . 4 Ror aa icaciee sunas ooe 




















































































































































































































































































































300 _ NATURAL PHILOSOPHY. 


column of air, whose base rests upon the earth. Ag the 

sun diminishes in the afternoon, the strength of the currents ab 

the clouds, which are buoyed up by their force, sink down into w ae 

regions of the atmosphere, and are either partially or wholly diGeaieae 
The rounded figure of the cumulus has been attributed to its nce 


heat of the 
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FIG 204. 

of formation ; for, when one fluid flows through another at rest, the 
outline of the figure assumed by the first will be composed. of ened 
lines. This fact may be shown, and the appearance of the cumulus 
imitated, by allowing a drop of milk or ink to fall into a glass of water. 


The Same thing is also seen in the shape of a cloud of steam 
issues from the boiler of a locomotive. 


SIA 


as it 
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The stratus,” or stratified cloud, consists of hori- 
zontal streaks or layers of vapor, which ,. wine 
float like a veil at no very great elevation stratus 
from the surface of the earth. They fre- soa 
quently appear with extraordinary brilliancy of color 
at sunset. 

The appearance of the stratus is represented at C, Fig. 204. 

The nimbus, or the cloud of rain, has no. character- 
istic form. It generally covers the whole whatisthe 
horizon, imparting to it a bluish-black mimbss? 
appearance. 


The various forms of clouds gradually pass into each other, so that it 
‘5 often difficult to decide whether the appearance of a cloud approaches 
more to one type than another. The intermediate forms are sometimes 
designated as cirro-stratus, cirro-cumulus, and cumulo-stratus. 


538. Rain is the vapor of the clouds or air, con- 
densed and precipitated to the earth 1n whatis 
drops. rain? 

Rain is generally occasioned by the union of two 
or more volumes of humid air, differing pow is rain 
considerably in temperature. Under such occasionge 
circumstances, the several portions in union are in- 
capable of absorbing the same amount of moisture 
that each could retain if they had not united. The 
excess, if very great, falls as rain; if of slight 
amount, it appears as cloud. 

539. The law upon which the condensation of 
vapor and the formation of rain depends y,on what 
is, that the capacity of the air for moisture jaw Goss ee 


decreases in a greater ratio than the tem- of rain 
depend 
perature. 


* From the Latin s¢va@¢us, —that which lies low in the form of a bed or layer. 






































































































































































































































































































































































































































































































































































































































302 NATURAL PHILOSOPHY, 


Rain falls in drops, because the vesicles of vapor, in their d 
Why does scent, attract each other and merge together a 
rae iu in forming drops of water. The size of the don a 

BS creased in peat 

proportion to the rapidity wi i 
vapors are condensed. Co eae we 
| In rainy weather the clouds fall toward the earth, for the rea 

. . S 
that they are heavy with partially-condensed vapors, and the air a 
account of its diminished density, is less able to buoy them up oe 


\ 540. The quantity of rain falling at any one time 
or place is measured by means of an instrument 
called a “rain-gauge,”’ 


This usually consists of a tin cylindrical vessel, M, F 1g. 205, th 
Describe upper part of which is closed by a cover, B, in le a a 
oe eee: ee funnel, with an aperture in its center. The ee 
beige : ing upon the top of the cylinder flows into the inte- 

ug] the opening, and is thus protected from evaporation, 
From the base of the 
apparatus a gradu. 
ated glass tube, A, 
ascends, in which the 
water rises to. the 
same height as in the 
interior of the cylin- 
der. Supposing the 
apparatus to be 
placed in an exposed 
situation, and at the 
end of a month, for 
of the water in the tube is five inches: this ee tee & 
water in the cylinder had attained to an equal elevation, and c : 
ae that the rain which had fallen during this fre Bet 
no : . ° ° : 
Mie. or infiltration, cover the earth to the 

41. Rain falls most abundantly in countries near the equator, and 
In what decreases in quantity as we approach the poles. There 
re are more rainy days, however, in the temperate zones than 
en a ° in the tropics, although the yearly quantity of rain falling 

in the latter districts is much greater than in the former. 


a 
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dred and three. 
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hern portions of the United States, there are on an 


In the nort 
hundred and thirty-four rainy days in a year; in the 


average about one 
Southern 


States the number is somewhat less, being about one hun- 


“The reason why it rains more frequently in the temperate zones 
tropics is because the former are regions of variable 
winds, and the temperature of the atmosphere changes often; while 
in the tropics the wind changes but rarely, and the temperature Is very 
constant throughout a great part of the year. In the tropics the 
year is divided into only two seasons, the wet or rainy, and the dry 


The average yearly fall of rain in the tropics is 


ninety-five inches ; in the temperate ZONE, RNa oiERe 
average fall 


only thirty-five. 

of rain in 
‘ h : 4 in the Gifferent 
The greatest rainfall, however, is precipitated in t cea 


shortest time. Ninety-five inches fall in eighty days on 

while at St. Petersburg the yearly rainfall is but seven- 

spread over one hundred and sixty-nine days. Again, a 
day is not continuously wet. The morning is clear; 


bout ten o’clock; the rain begins at twelve, and pours 
and the nights 


the equator, 
teen inches, 
tropical wet 
clouds form a 
till about half-past four; by sunset the clouds are gone, 
are invariably fine. 

The depth of rain which falls yearly in London is about twenty-five 
inches; but at Vera Cruz, on the Gulf of Mexico, rain to the amount 
of two hundred and seventy-eight inches is precipitated. The expla- 
nation of this is to be found in the peculiar location of the city, at the 
foot of lofty mountains whose summits are covered with perpetual 
snow; against these the hot, humid air from the sea is driven by the 
winds, condensed, and its excess of moisture precipitated as rain. 

542. Some countries are entirely destitute of rain; in a part of 
Egypt it never rains, and in Peru it rains once, perhaps, in a man’s 
lifetime. Upon the table-land of Mexico, in parts of Guatemala and 
California, rain is very rare. But the most extensive rainless districts 
are those occupied by the Great Desert of Africa, and its continuation 
eastward over portions of Arabia and Persia to the interior of Central 
Asia, over the great desert of Gobi, the table-land of Thibet, and part 
of Mongolia. These regions embrace an area of five or six millions 


of square miles that never experience a shower. 










































































































































































































































































































































































































































































































































































NATURAL PHILOSOPHY, 


The cause of this scarcity is to be sought for in the peculiar 
mation of the country. . 

In Peru, for example, parallel to the coast, and at a short distance 
from the sea, is the lofty range of the Andes, the peaks of which are 
covered with perpetuai snow and ice. The prevailing wind is an east 
wind, sweeping from the Atlantic to the Pacific across the continent 


of South America. As it approaches the west coast, it encounters this 


range of mountains, and becomes so cooled by them that it As forced 

to precipitate its moisture, and passes on to the coast almost devoid 

of moisture. In Egypt and other desert countries, the dry sandy plains 
heat the atmosphere to such an extent that it absorbs moisture, and 
precipitates none. 

On the other hand, there are some countries in which it may be 
said to always rain. In some portions of Guiana, in South America, 
it rains for a great portion of the year. The fierce heat of the tropical 
sun fills the atmosphere with vapor, which returns to the earth again 
in constant showers as the cool winds of the ocean flow in and con. 
dense it. 

543. The whole quantityof water annually precipitated as rain over 
ene the earth’s surface is calculated ponexeced seven hun- 
whole esti- dred and sixty millions of tons. This entire amount is 
mated year- raised into the atmosphere solely by evaporation. It 
y eed has been also calculated, that the daily amount of water 

; raised by evaporation from the sea alone amounts to no 
less than one hundred and sixty-four cubic miles, or about sixty thou- 
sand cubic miles annually. 

_ During the months of October and November, the daily amount of 
evaporation from the surface of the ocean, between the Cape of Good 
Hope and Calcutta, is known to average three-quarters of an inch 
from the whole surface. 

The amount of moisture constantly present in the atmosphere of 
What curi- My Country exercises an important influence upon the 
ous influ- physical system of the inhabitants, and upon their arts 
US CHS and professions. The atmosphere of the northern 
occasioned ; : 
by the moist- United States is uncommonly dry, much more so than 
ure of the in England or Germany. To this ina great measure is 
atmosphere ? owing the difference in the physical appearance of the 
inhabitants of these respective countries. 


- What is 544. Snow is the condensed vapor of the 


CHENG air, frozen, and precipitated to the earth. 


"while it snows above. 
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Our knowledge in respect to the formation of snow in oe eee 
‘s very limited. It is probable that the clouds How is snow 

‘oa ae f snow are first formed consist, not probably 
:. which the flakes of sn ) a prope? 
ae les of vapor, but of minute crystals of ice, whic ad 
a tinuous condensation of vapor become larger, and 1OF 
Be: snow, which continue to increase in size as they descend 
flakes 
ee ae ne regions of the air are sufficiently warm, the flakes 
of ae before they reach the ground; so that it may rain below, 


The largest fakes of snow are formed when the air-abounds with 


and the temperature is about 32° Fahrenheit; but as the 
ce diminishes, and the cold increases, ee ee oe 
4 y a volume of cold alr 
Beto ce eet pane is saturated with ee 
. times happens that the vapor of the room will be condense 2 
. he same instant, thus producing a miniature fall of snow. 
ee oo ee a snow-flake beneath a microscope 1t 1s found 
to a of regular and symmetrical crystals, having Gui at acre 


hysical 
a great diversity of form. ate 


‘st in i -e\so blended composition 
These crystals also exist in ice, eA oe ohana 
together that their symmetry 1s lost in the comp flake? 


Phe crystals of snow may, under favorable circumstances, be a 
‘th the naked eye, by placing the flake upon a dark oe Se 
ate 32° Fahrenheit. Fig. 206 represents the varied and beau 
e 2 


ms of snow-crystals. 
Bac bulk of recently-fallen snow 1s ten or twelve times greater than 


that of the water obtained by melting it. 
546. Hail is the moisture of the air What is 
. 1 ail: 
frozen into drops of ice. 


The phenomenon of hail has never been satisfactorily explained. 


It is difficult to conceive how the great cold is produced Ga eens: 
which causes the water to freeze under the circum: nomenon 
stances, and also how it is possible that the ae oe 
after having once become sufficiently large to : a satisfac 
their own weight, can yet remain long enough in the ail torily? 

to increase to so considerable a size as is sometimes 


i jom as 
seen, A hailstorm generally lasts but a few minutes, very seldo | 
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long as a quarter of an hour; but the quantit 
from the clouds in so short a time is very great 
observed to fall of a weight of ten or twelve ounces. 

547. Hailstones are generally pear-shaped; and, 
through the center, they will be found to be com 


layers of ice and snow, arranged around a nucleu 
an onion. 


WS 


EXIM LW 
CLUMMU NWS 


ae ae 


. 206, 


Hailstorms occur most frequently in temperate climates, and rarely 
within the tropics. They occur most frequently in northern latitudes, 
in the vicinity of high mountains whose peaks are always covered 
with ice and snow. The South of France, which lies between the 
Alps and Pyrenees, is annually ravaged by hail; and the damage 
which it causes yearly to vineyards and standing crops has been esti- 
mated at upward of nine millions of dollars. 


y of ice which escapes 
, and masses have been 


if they are divide 
posed of alternate 
s, like the coats of 


METEOROLOGY. 


SECTION III. 


WINDS. 


548 Wind is air in motion. The air is never 


entirely free from motion, but the velocity 


with which it moves is perpetually varying. 


Whatis 
wind ? 


540. The principal cause of movements in the 


atmosphere is the variation of temperature 
produced by the alternation of day and 
night and the succession of the seasons. 


What is the 
principal 
cause of 
wind? 


When, through the agency of the sun, a particular portion of the 


earth’s surface is heated to a greater degree than 
remainder, the air resting upon it ibeeomes rarefied, an 

ascends, while a current of cold air rushes in to supply 
the vacancy. Two currents, the one of pain air flowing 
out and the other of cold air flowing in, are thus con- 


How can 
variations of 
temperature 
produce 
wind ? 


tinually produced; and to these movements of the atmosphere we 


apply the designation of wind. 


If the whole surface of the earth were covered with water the 


winds would always follow the sun, and blow uniformly 
from east to west. The-direction of the wind is, how- 
ever, continually subject to interruption from mountains, 
deserts, plains, oceans, &c. 

Thus mountains which are covered with snow con- 
dense and cool the air brought in contact with them; 


How do the 
physical 
features of 
the earth 
affect the 
winds? 











and, when the temperature of the current of air constituting the wind 
is changed, its direction is liable to be changed also. The ocean : 
never heated to the same degree as the land; and, in consequence : 
this, the general direction of the wind is from tracts of ocean towar 

in 8 =. of the world which present an extended surface of 
water, the wind blows with a great degree of regularity. a 
sco, Every variation exists in the speed of winds, from the mildes 
zephyr to the most violent hurricane. 
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A wind which is hardly perceptible moves with a velocity of about 


What is two miles per hour, and with a perpendicular force op © 


the velocity one square foot of .o2 pound avoirdupois. 

and force In a storm the velocity of the wind is from fifty to 
oPvands? sixty miles per hour, and the pressure from ten to eigh- 
teen pounds per square foot. In some hurricanes the velocity has 
been estimated at from eighty to one hundred miles per hour, with q 
varying force of from thirty to fifty pounds. 


The force of the wind is ascertained by observing 


How is the amount of pressure that it exerts upon 


the force : : ; 
Pee a a given plane surface, perpendicular to its 


culeulated Owl, Girection. 


If the pressure-plate acts freely upon spiral springs, the power of 
the wind is denoted by the extent of their compression, which thus 
becomes a measure of their force, the same as in weighing by the 
ordinary spring-balance. 


What is An instrument for measuring the force 
an ane- 5 e 
mometer? Of the wind is called an anemometer., 


551. Winds may be divided into three 
How may : spect i 
en satis classes: constant, periodical, and variable 
divided winds. 


552. In many parts of the Atlantic and Pacific Oceans the wind 

Wihatiare blows with a uniform force and constancy, so that a 
the trade- vessel may sail for weeks without altering the position 
wand sé of a sail or spar. Such winds have received the designa- 
tion of trade-winds, inasmuch as they are most convenient for naviga- 
tion, and always blow in one direction. 
i The trade-winds are caused by the movements of vast currents of 
What is air, which are continually flowing between the poles and 
thecauseof the equator. Thus the air which has been greatly 
the prade- heated by the sun in regions near to the equator rises, 
as and runs over toward either pole in two grand upper 
currents, under which there flow from north and south two other 
currents of colder air to occupy the space vacated, and to restore the 
equilibrium. 
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553. In the northern hemisphere, the trade-winds blow from the 


north-east, and in the southern hemisphere from the What occa- 


south-east. sions the 
The reason they do not blow from the direct north direction of 


and south is owing to the revolution of the earth. The eee 
circumference of the earth being larger at the equator 

than at the poles, every spot of the equatorial surface must move 
much faster than the corresponding one at the poles: when, therefore, 
4 current of air from the poles flows toward the equator, it comes to a 
part of the earth’s surface which is moving faster than itself; in con- 
sequence of which it is left behind, and thus produces the effect of a 
current moving in the opposite direction. 

The region over which the trade-winds prevail extends for about 
twenty-five degrees of latitude, on each side of the equator, in the 
Atlantic and Pacific Oceans. 

The reason the trade-winds do not blow uninterruptedly from the 
equator to each pole is owing to the change which takes place in their 
temperature as they move north and south. .Thus, in the northern 
hemisphere the hot air that ascends from the equator, and passes 
north, gradually cools, and becomes denser and heavier, running as it 
does over the cold current below. The cold air from the pole, too, 
gradually becomes warmer and lighter as it passes south; so that, in 
the temperate climates, there is a constant struggle as to which shall 
have the upper and which the lower position. In these regions, con: 
sequently, there are no uniform winds.* 


554. Monsoons are periodical currents of air, 
which, in the Arabian, Indian, and China what are 
Seas, blow. for nearly six. months of the ™enseens# 
year in one direction, and for the other six in a 
contrary direction. 


They are called monsoons, from an Arabic word signifying season ; 
they are also called periodical winds, to distinguish them from the 
trade-winds, which are constant. 


* The existence of a great current of air in the upper regions of the atmosphere, 
flowing in a nearly contrary direction to the trade-winds, has been confirmed by the 
observations of travelers who have ascended the Peak of Teneriffe, or some of the 
high mountains in the islands of the Southern Pacific Ocean. Ata height of about 
twelve thousand feet a wind is encountered, blowing constantly in an opposite direc- 
tion to that which prevails at the level of the sea below. 
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The theory of the monsoons is as follows; During six months of the 
Whatisthe year, from April to October, the air of Arabia, Persia 
theory of the India, and China is so rarefied by th 
jmonsoons?. of. their summer sun, that the cold a 
rushes toward these countries, across the equator 
south-west wind. When the sun, on the other 
northern side of the equator for the southern, the Southern hem}. 
sphere is rendered hotter than the northern, and the -direction of the 
wind is reversed, or the monsoon blows north-east, from October to 
April. 

The‘monsoons are more powerful than the trade-winds, and very 
often amount to violent gales. They are also more useful than the 
trade-winds, since the mariner is able to avail himself of their 
changes to go in one direction during one half of the 
in the opposite direction during the other half. 

555. In some parts of the world, as.on coasts and islands, the heat. 
Whatisthe Ig action of the sun produces daily periodical winds, 
explanation which are termed land and sea breezes. 
of land and During the day, the land becomes much more highly 
Bcarrecres? Heated by the sun than the adjacent water, and conse. 


'€ enormous heat 
Ir from the South 
» and produces a 
hand, has left the 


Periodic 
year, and return 


quently the air resting upon the land is much more heated and rarefied 


than that upon the water. . The cooler and denser air, therefore, flows 
from the water toward the land, constituting a sea-breeze, and, displa- 
cing the warmer and lighter air over the land, forces it into a higher 
region, along which it flows in an upper current seaward. 

At night a contrary effect is produced. After sunset the land cools 
much more rapidly than the water, and the air over the shore, becom- 
ing cooler and consequently heavier than that over the sea, flows toward 
the water, and forms the land-breeze. 

The phenomena of land and sea breezes may be well illustrated by 
a simple experiment. Fill a large dish with cold water, and place in 
the middle of it a saucer full of warm water; let the dish represent 
the ocean, and the saucer an island heated by the sun and rarefying the 
air above it; blow out a candle, and if the air of the room be still, on 
applying it successively to every side of the saucer the smoke will be 
seen moving toward it and rising over it, thus indicating the course 
of the air from sea to land. On reversing the experiment, by filling 
the saucer with cold water, and the dish with warm, the land-breeze will 
be shown by holding the smoking wick over the edge of the saucer ; 
the smoke will then be wafted to the warmer air over the dish. 
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6. In the temperate zones the winds have 


itudes In what 
little of regularity, and these latitud oe - 


: 66 ’ 5 
variable variable 
n as the regions of 
e know cade 
ar 2 w ie 
winds prevai 


the tropics the great aérial currents known as the trade-winds 
4 1 their power, and control most of the local influences ; but 
3 erate zones, where the force of the trade-winds is dimin- 
eS ‘ etual contest occurs between the permanent and tempo- 
oh eae giving rise to constant fluctuations in the strength and 
rary 
aa 2. of the United States are west and north-west 
4 oe since they blow over great tracts of land, and What is the 
have little opportunity of absorbing moisture. Saree cheteees ss 
The south winds are generally warm and a ® the United 
of rain, since, coming from tropical counksles, : ey ae Seatcet 
highly heated, and readily absorb moisture as they eae see 
the ocean. As soon, however, as they reach a cold ¢ ale 
Pe  onsed, and can no longer hold all their vapor in suspension ; 


in consequence of which some of it is deposited as rain. 


exist in 


358, The simoom is an intensely hot wind that pre- 
vails upon the vast deserts of Africa and whatisa 


1 imoom ? 
the arid plains of Asia, causing great suf- ° 


fering, and often destruction of whole caravans - 
men and animals when encountered. Its a 
to be sought in the peculiarities of the soil - . 
geographical position of the countries where 


Occurs. 


. ° L 
“The surface of the deserts of Africa and Asia 1S ee a 
dry sand, which the vertical rays of the sun render aoe ang 
touch. The heat of these regions is insupportable, a their ee 
: : der such circums 5 
breath of a furnace. When, un ( 
ee vse ins, it is intensely hot and 
j i these plains, it 1s 1 
the wind rises and sweeps over Meigen 
1 i the same time bears alott w 
estitute of moisture, and at 1 
an of fine sand and dust, —a dreadful visitant to the traveler of 


the desert.” 
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559. The hurricane is a remarkable storm 


Whatisa peculiar to certain portions of the 
hurricane ? 


“Wind, 
on world) 
It rarely takes its rise beyond the tropics 
and it is the only storm to dread wi 


thin the region of 
the trade-winds. 


Hurricanes are especially distinguished from all 
tempests by their extent, irresistible power, 
that occur in the direction of the wind. 

In the northern hemisphere the hurricane most frequentl 
eri at in the regions of the West Indies; in the southe 


™m hemj- 
times and sphere it occurs in the neighborhood of the island of 
locations do Mauritius, in the Indian Ocean. They also seem to 5 
hurricanes € 


miOnterces confined to particular seasons: thus the West Indian 
quently occur from August to October, the Mauritian from 
orcuns February to April. 

Recent investigations have proved the hurricanes to consist of: 
Whatisthe ¢xtensive storms of wind, which revolve round an axis 
nature of the either upright or inclined to the horizon; while at the 
Baeucare! = “same stimeanne body of the storm has a progressive 
motion over the surface of the ocean. 

Thus it is the nature of a hurricane to travel round and round as 
well as forward, much as a corkscrew travels through a cork, only the 
circles are all flat, and described by a rotary wind upon the surface of 
the water. A ship revolving in the circles of a hurricane would find, 
in successive positions, the wind blowing from every point of th 
compass. 

The distance traversed by these terrible tempests is also immense, 
The great gale of August, 1830, which occurred at St. Thomas, in the 
West Indies, on the 12th, reached the Banks of Newfoundland on the 
19th, having traveled more than three thousand nautical miles in 
seven days. The track of the Cuba hurricane of 1844 was but little 
inferior in length. 

The surface simultaneously Swept by these tremendous whirlwinds 


is a vast circle varying from one hundred to five hundred miles in 
diameter. 


other kinds of 
and the sudden Changes 


Y Occurs 


560. Tornadoes may be regarded as hurricanes, 
Whatare differing chiefly in respect to their contin- 
tornadoes? uance and extent, 


or rivers. 
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» their 
to seventy seconds; t 
s usually last from fifteen 
es from a few rods to several hundred yards, and the 
ae ly exceeds twenty miles. 
heir course rarely e 
ae an is generally preceded by a calm and sultry state of the 
E when suddenly the whirlwind appears, prostrating es 
ae ‘t. ‘Tornadoes are usually accompanied with thunder an 
Ee and sometimes showers of hail. 
d sometimes snowers 0 : 
fe oes are supposed to be generally produced by the lateral 
ae an opposing wind, or the influence Ofay brisk prousare 


j tornadoes 
f the atmosphere in repose. weacede 


action 0 cee 
upon a portion 3 = 

gale | Es r phenomena are seen in the eddies or little a 

ae when two streams flowing in different dire 


; in water : 
whirlpools found in ’ ently at the junction of two brooks 


tions meet. They occur most frequ 
i 


: of 
Whirlwinds on a small scale are often produced at the corners 


wi weeping round 
ets in cities, and are occasioned by a gust of wind sweeping 
stre 


iki Im air beyond. 
‘ding, and striking the ca ait ji o ie 
: oe of a tornado or whirlwind appears to originate in t : 
e e ° S 
4 : regions of the atmosphere; it increases 1n oe : fe 
. e . 
a eis its base gradually approaching the earth, until it rests up 
esc ’ 


the surface. | os 
s61. A water-spout is a whirlwind over the surta 


ater, and dif- whatisa 
* Gram a whirl water-ePom 
nd on land in the tact 
that water is subjected to | 
the action of the wind, in- 
stead of objects on the sur- 
face of the earth. In diame- 
ter the spout at the base 
ranges from a few feet to 
several hundreds, and its aS Z 
altitude is supposed to be Nee 
often upward of a mile. 


When an ob V is near to the 
e server 1S near h 
out, a loud hissing noise is heard, and the interior of the column 
sp ; 


seems to be traversed by a rushing stream. 
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: The successive appearances of a water-spout are as f 

rst it appears to be a dark cone, extending from th ie 
water ; then it becomes a column uniting with the w - ee 
tinuing for a little time, the column becomes aoe a, 
appears, and is gradually drawn up ‘into the cloud eas 
changes are represented in Fig. 207. It is a comm : 
is sucked up by the action of the Spout into the a 
the spray from the broken waves that is carried up. 


At 
the 
€ cone re. 


uds ; but it is only 


n belief that Watery 


os 


~ 


SIGNAL SERVICE WEATHER-REPORTS. | 


EE observations daily are made in various parts of the 
es “on its meteorological condition, and are telegraphed to 
oot al office at Washington, where they are recorded on a 
ech as is given on the opposite page. This map shows the 
maP ” tate of the weather at the time of observation; and if a 
exact of such observations be taken and compared, by interpreting 
ger! ditions represented. by certain well known laws of meteor- 
pine a redictions may be made of changes in those conditions, and 
:, certain degree of accuracy the weather twenty-four hours 
y be foretold. In this way the movements and force of 

be known, and their consequences guarded against by 
d farmers of any danger in that direction. It 

how necessary to this work the telegraph is, 
obabilities could not be made up till days 

taken, when the conditions on which 


warn 
me may re 
ee. ihe O 
t 
Ae were based would be 
On the map the curve 
» curves of equal barometri 
> py the figures placed at the end of the curve. 
4 a the line near the 35th parallel of latitude, running through 
Memphis. Omaha, near St. Paul, and the lakes, the barometer 


.stands at the height of 30 inches. It will be seen that these lines 


Mi anclose 2 space near the lakes (marked Zow) where the baro- 


metric height is low, while in the north-west and south the barom- 
eter is high. A low barometer denotes a want of air, and a high 
parometer an €XCCss of air; and according to the general law of 
duids, an equilibrium will be sought by the air flowing from a 
region of high pressure to a region of low pressure. An examina- 
tion of the arrows, which indicate the direction of the wind, will 
show that such is the case. The air rushes from all directions 
towards the region marked Jow, which is called the stormz center, 
where there is a deficiency of air: and rising, spreads itself in 
the upper regions of the atmosphere. These facts being known 
it may be predicted that in a short time the conditions will be 
changed, and in what was the storm center there will be no longer 
a deficiency, but an excess of air. Thus, if at a given time there is 
high pressure at Chicago and New York, and low pressure at 
Buffalo, the wind will blow from the first places to the last place; 
and after some time the conditions will be reversed, Buffalo be- 
coming a region of high pressure and Chicago and New York 

regions of low pressure. In this case only the direction of the 
vind is foretold; but on the observations other predictions may 
be made regarding rain and clouds, temperature, etc. In general, 
rain always accompanies a storm center, as such a center is pre- 
ceded by a warm atmosphere capable of absorbing moisture, and 
is followed by a cold atmosphere which condenses and precipitates 
{he moisture as rain, 
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CHAPTER XIII. 
LIGHT. 


62. Light is the physical agent which occasions, 


by its action upon the eye, the sensation whatis 
light ? 


of vision. 


Light not only occasions vision, but also effects important chemical 
changes. It is necessary to the existence of plants, and many animals 
can not live without it. 


563. Optics 1s the name given to that depart- 
ment of physical science which treats Ob 5 
vision, and of the laws and properties of science of 
light optics ? 

564. Light is a form of motion; and, according 
to a theory now generally accepted, and. How is light 
called the Undulatory Theory, it is supposed ae ec 
that there exists throughout all space an tory theory ? 
ethereal, elastic fluid, which, like the air, is capable 
of receiving and transmitting undulations or vibra- 
tions.. These, reaching the eye, affect the optic 
nerve, and produce the sensation which we call light. 


According to this theory, there is a-striking analogy between the 
eye and the ear; the vibrations, or undulations of the ethereal medium, 
being supposed to pass along the space intervening between the visible 
object and the eye, in the same manner that the undulations of the air, 
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316 NATURAL PHILOSOPHY. 


produced by a sounding body, pass through the air between it and the 
ear. But while in the case of sound the vibrations take place jn the 
direction in which the sound is propagated, in light the particles of 
ether vibrate to and fro at right angles to the motion of the Wave, as 
is the case with waves in water, or with vibrations of a stretched cord 
set in motion by drawing a bow across it. 


565. The chief sources of light are the sun, the 
Whatare Stars, tire or Chemical action, and phospho. 


the chief 
sources of rescence. 


i ? 

a . Under the head of chemical action are included aj} 
the forms of artificial light which are obtained by the burning of 
bodies. Examples of light produced by phosphorescence, as it js 
called, are seen in the glow of old and decayed wood, dead salt-water 
fish, in many mineral substances after having been exposed to the light 
of the sun, and in the light emitted by fire-flies and some marine ani- 
mals. In living animals this phenomenon is probably due to chemical 
action. Phosphorescence is not accompanied by sensible heat. 


566. All bodies are either luminous or non-lumi- 
nous. : | 

‘Luminous bodies are those.which shine by their 
Whatig, OWN light; such, for example, as the sun, 


luminous the flame of a candle, metal rendered red- 
body ? 
| DOG, ccc, 


All solid bodies, when exposed to a sufficient degree of heat, become 


luminous. All solids begin to emit light at the same degree of heat; ~ 


viz., 977° of Fahrenheit’s thermometer. As the temperature rises, 
the brilliancy of the light rapidly increases, so that at a temperature of 
2,600° it is almost forty times as intense as at 1,900°. Gases must be 
heated to a much greater extent before they begin to emit light. 


567. Non-luminous bodies are those which _pro- 
Whatisa ouce no light themselves, but which ma 
non-lumi- be rendered temporarily luminous by being 
nous body? : A ‘ 

placed in the presence of luminous bodies. 
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Thus the sun, or a candle, renders objects in an apartment a 
s, and therefore visible ; but the moment the sun or candle is with- 
nous, 


drawn they become invisible. 


568. Transparent bodies are those which do not 


‘nterrupt the passage of light, or which 7a. 


low other bodies to be seen through transparent 


al bodies ? 


them. Glass, air, and water are examples 


of very transparent bodies. | | 
569. Opaque bodies are those which do not permit 


light to pass through them. The metals, ,. Wk. 


les of opaque 
stone, earth, wood, Sco ae ne bodies? 


opaque bodies. 


Transparency and opacity exist in different bodies in very ee 
degrees, and depend upon the molecular constitution of the body. 

Strictly speaking, there is no body which is perfectly transparen 
or perfectly opaque. Some light is evidently lost in geal ate 
through space, and still more in traversing our atmosphere. It has 
been calculated that the atmosphere, when the rays of the ee oe 
perpendicularly through it, intercepts from one-fifth to one- ae 0 
their light ; but when the sun is near the horizon, and the mass 0! me 
through which the solar rays pass 1S consequently vastly Rees 
in thickness, only sis of their light can reach the surface of the earth. 
If our atmosphere, in its state of greatest density, could be extended 
rather more than seven hundred miles from the earth’s surface, instead 
of forty or fifty as it is at present, the sun’s rays could not Beate 
through it, and our globe would roll on in darkness. Bodies, on t a 
contrary, which are considered perfectly opaque, will, if made suft- 
ciently thin, allow light to pass through them. Thus gold-leaf trans- 
mits a soft green light. 


570. Light, from whatever source it may be de- 
in straight 1n what 
rived, moves, or is propagated, ght Inwhat 


lines, so long as the medium it traverses jicnt propa- 
gated? 
is uniform in density. 


If we admit a sunbeam through a small opening into a darkened 










































































































































































































































































































































































































































































































































































318 NATURAL PHILOSOPHY, 


chamber, the path which the light takes, as defined by means of the 
dust floating in the air, is a straight line. ae 

It is for this reason that we are unable to see through—-a bent tube 

aa x 3 

What prac- 38. WE can through a str aight one. 
tical applica- In taking aim, also, with a gun orarrow, we proceed 
tions are upon the supposition that light moves in straight line 
made of the dott eeethesue een to iheides ee oe 
Be eer an y to make projectue go to the desired object 
of light in as nearly as possible. by the path along which the light 
Saueue comes from the object to the eye. 
aes: Thus, in Fig. 208, the line A B, which represents the 


line of sight, is also the direction of.a line of light passing in a per- 





fectly straight direction from the object aimed at to the eye of the 
marksman. 


A carpenter depends upon this same principle for the purpose of 
determining the accuracy of his work. If the edge of the plank be 
straight and uniform, the light from all points of its surface will come 
to the eye regularly and uniformly; if irregularities, however, exist, 
- they will cause the light to be irregular, and the eye at once notices 
the confusion, and the point which occasions it. 


571. A ray of light is the straight line along which 
Whatisa light passes from any luminous body. slic 
ray of ent? has no material existence, but is merely 
direction. 


A luminous body is said to radiate its light, because the light issues 
from it in every direction in straight lines. 


When rays of light radiate from any luminous 


Explainthe body, they diverge from one another, or 
divergence 


of raysof they spread over more space as they recede 
lent: from their source. | 


tions; 
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t the divergence. 
‘+, 209 represents the manner o 
4 he ion of radiating rays of light, as shown 1n Fig. 209, con 
; hi. what is called a “ pencil of light.” 
stl : 
or any num- 
s pousene i Why area 


per of persons, aucrable: torsee great number 
he same object at the same of persons 
t 


‘me, because it throws off able to see 
time, 


. : the same 
from its surface an infinite Eucet atthe 


umber of rays in all direc- same time? 
n 
and one person sees 


A portion of these rays, and another person another. 
on 


Rays of light which continually separate as they 
proceed from a luminous source are called: <= bs 
diverging rays. Rays which continually ne 
approach each other, and tend to unite at conveteiee: 
qa common point, are called converging 
rays. 


Rays which move in parallel lines are called 
parallel rays. 


Fic. 210. 


572. When rays of light, radiated from a lumi- 
nous point through the surrounding space, what isa 
encounter an opaque body, they will (on shadow 
account of their transmission in straight lines) be 
excluded trom the space behind such a body. The 
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comparative darkness thus produced is Calied 
shadow. 


When the luminous body is larger than a point, a secondary Shadow 
will be formed, which is less black than the real shadow. This second. 
ary shadow is called a penumbra (Fig. 210). If the light-giving sur. 
face be larger than the opaque body, the shadow of the latter wil] ter. 

- minate in a point,-as the 
shadow of C. But, when the 


luminous center is smaller 


than the opaque body cast. 
ing the shadow, the shadow 
will gradually increase jp 
size with the distance, with. 
out limit. It will be seen 
from the figure, that, the 
nearer A is moved towards 
the luminous body C, the 
wider will be its shadow, 
This is owing to the fact 
that it will intercept more 
rays of the light given out 
by B. | 
This may be illustrated 
by the sticks of afan. Thus 
the hand at B (Fig. 211) will 
cover but six or seven of the sticks, which may represent rays of light. 
On moving the hand toward A it will cover a larger number, and 
at A it may be made to include all the sticks. 

573. The intensity of light depends upon the amplitude of the 
vibrations of the ether, or upon the distance the ether particles travel 
across the line of propagation. It will be seen that the intensity of 
light is explained on the same principles as the pitch of sound. 


Lo 
Ti | 


gue 


til 


ol 
eo) oe 
it tl 


if 


Fic. 211. 


The intensity of light which issues from a lumi- 
: nous point diminishes in the same propor- 
cflieht tion as the square of the distance from th 
vary? luminary increases. 


How does 


Thus, if a certain amount of light will illuminate a surface A (Fig. 


7 

t x : 
a eS 
4 ’ 25 


< 
; eee ee ee 


212 
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at a distance of one foot, it will be spread over a surface B, four 
Z as large, when removed two feet from the illuminated surface. 
time ; 


At a distance of three feet it 

will be spread over a surface 

C, nine times as large. In 

each case the light will be 

weakened in proportion to 

che square of the distance. 

{n other words, the amount of 

‘JJumination at the distance 

of one foot, from a single 

candle, would be the samie as 

that from four or nine can- 

dles at a distance of two or 

three feet, the numbers four : 
and nine being the squares of ae 


the distances two and three : | | 
from the center of illumination. -The intensity of the light received 


by any body depends also upon the angle at which it receives the 


yS. | : 
. 574. This law, therefore, may be made available for measuring the 


relative intensities of light proceeding from different Upoakenat 
sources. Thus, in order to ascertain the relative quantl- principle 
ties of light furnished by two different candles, as, for ne 
example, a wax and a tallow candle, place two disks or stones 
sheets of white paper a few feet apart on a wall, and of different 
throw the light of one candle on one disk, and the light See 
of the other candle upon the other disk. If they ATE ROE = Aes haan 
unequal illuminating power, the candle which affords 
the most light must be moved back until the two disks are equally 
‘Iluminated. Then, by measuring the distance between each candle 
and the disk it illuminates, the luminous intensities of the two candles 
may be calculated, their relative intensities being as the squares of 
their distances from the illuminated disks. If, when the disks ane 
equally illuminated, the distance from one candle to its disk is double 
the distance of the other candle from its disk, then the first candle is 
four times more luminous than the second; if the distance be triple, 
it is nine times more luminous, and so on. ; 
Instruments called “ photometers,” operating in a similar manner, 
have also been constructed for measuring the relative intensity of two 




















































































































































































































































































































































































































































































































322 NATURAL PHILOSOPHY, 


luminous bodies. Their arrangement and plan of operatio 
stantially the same as in the method described. 


4 


575. Lhe light of the sun to the inhabitantg of j 


ieee ne carth ereatly exceeds in intensity that 


most intense derived from any other luminous body, 
light known? 


In comparison with some of the fixed stars 
is, however, undoubtedly much inferior as a light-giving body, Tn 
order to appear equally bright with the star Capella (a star in the 
constellation of Auriga), the sun would have to be removed two hun. 
dred and thirty-six thousand times its present distance from the earth, 
The greater number of stars are removed four or five times this dis. 
tance; so that the sun would appear under like circumstances, as 
respects distance, as a star almost invisible to the naked eye. 

The light of the full moon has been estimated as six hundred and 
nineteen thousand times less intense than that of the sun. 

During the day the intensity of the sun’s light is so great as to 
entirely eclipse that of the stars, and render them invisible; and for 


the same reason we only notice the light emitted by fire-flies and phos. 
phorescent bodies in the dark. 


Our sun 


pate 570. Light does not pass _ instantane. 


mouewents ously through space, but requires for its 
of light 


instanta- | passage from one point to another a cer. 
? ° ° ° 
Sete tain interval of time. 


Soa Ae, The velocity of light is at the rate of 
velocity does about one hundred and eighty-six thou- 
light travel ? : é : 

sand miles in a second of time. 


s 


Light occupies about eight minutes in traveling from the sun to the 
What are earth. To pass, however, from the planet Uranus to the 
illustrations earth, it would require an interval of three hours. 
of the velo- The time required for light to traverse the space 
cryace tight? intervening between the nearest fixed star and the earth 
has been estimated at 33 years; and from the farthest nebule a period 
of several hundred years would be requisite, so immense is their dis- 
tance from our earth. If, therefore, one of the remote fixed stars were 
to-day blotted from the heavens, several generations on the earth 
would have passed away before the obliteration could be known‘to man, 


Ty is Suh. a 


4 speed of 
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following comparison between the velocity of light and the 
ES locomotive-engine has been instituted: Light passes from 
a the earth in about eight minutes; a ee eee <. 
t the rate of a mile in a minute, would require upward o 
e hundred and eighty years to accomplish the same journey. 
on 


77 The velocity of light was first determined by 


1 Danish astrono- Who first 
Von Roemer, an eminent ascertained 


from observations on the*satellites: ob 42" sie. 
mer; 


of light ? 
peel. 
| a by which Von Roemer arrived at this result may be 
sined as follows: The planet Jupiter is surrounded eesisiaene 
aa 1 satellites, or moons, which revolve about it in method by 
by oe A finite Gide. As they pass behind’ the planet which ine 
be 3; 3 pear from the sight of an observer on the vene was 
od Ee fe other words, they undergo an eclipse. dactesminea 
es Bi also revolves in an orbit ee a ee 
d, in the course of its revolution, is broug ta 79 Jupiter's 
ae >.000,000 miles nearer to Jupiter than it 1s at SAtcliices. 
ee oe when it is in the most remote part of its 
i, e.. one now, a table to be calculated by an astronomer, at 
sup SP oe tien the earth is nearest to Jupiter, showing, for 
ae bese months, the exact moment when a particular satellite 
la Be eorved to be eclipsed at that point. Six months | after- 
ee aa the earth, in the course of its revolution, has attained a 
e : 2,000,000 miles more remote from jupiter than at formerly 
- “ ae yor be found that the eclipse of the satellite would 
ae t en minutes, or 960 seconds, later than the calculated time. 
Be clay is E tioned by the fact that the light has had to pass ee 
a Pe es distance before reaching me a eae 
was in the opposite part of its or it; and, 1 i se 
er 192,000,000 miles, it will require one second to 
e Pee) cites, Symon. on the contrary, mie. earth, ao oe 2 
the succeeding six months, has assumed its former posi a Be 
192,000,000 miles nearer ae pe ate ae es ee 
ier, or at the exact calculated til 7 es. 
i Tieht, therefore, in round numbers, may be Soe er 
200,000 miles per second.* A more exact calculation, 


sun 
traveling 4 


* The explanation above given will be made clear by reference y owe eee 
diagram, Fig. 213. S represents the sun, a 4 the orbit of the earth, an 
5 ; ; 


















































































































































































































































































































































































































































































































































324 ' NATURAL PHILOSOPHY. 


perfectly accurate data, gives, as the true velocity 
miles per second. 

Several other plans have been devised for determinin 
of light, the results of which agree very nearly with thos 
the observations on the satellites of Jupiter.* 


A 


§ the Velocit 


578. When a ray of light strikes against a surface 
aes and is caused to turn back or rebound in 
light a direction different from whence it pro. 
reflected ? ) aati ; 

ceeded, it is said to be reflected. 


position of the earth at different and opposite points of its orbit. 

and E its satellite, about to be eclipsed by passing within thes 
Now, the time of the commencement or termination of an eclipse 
instant at which the satellite would appear, 
emerge from the shadow of the planet. 


J represents Jupiter, 
hadow of the planet, 
of the satellite js the 
to an observer on the earth, to enter or 
If the transmission of light were instantaneous, 


Fic. 213. 


it Is obvious that an observer at T’, the most remote part of the earth’s orbit, would see 
the eclipse begin and end at the same moment as an observer at T, the part of the 
earth’s orbit nearest to Jupiter. This, however, is not the case, but the observer at T’ 
sees the eclipse 960 seconds later than the observer at T; and, as the distance between 
these two stations is 192,000,000 miles, we have, as the velocity of light in one second, 
192,000,000 -- 960 = 200,000. 

* A very ingenious plan was devised a few years since by M. Fizeau of Paris, by 
which the velocity of artificial light was determined, and found to agree ee that of 
solar light. A disk or wheel, carrying a certain number of teeth upon its circumfer- 
ence, was made to revolve at a known rate; placing a tube behind these, and looking 
at the open spaces between the teeth, they become less evident to sight, the greater the 
velocity of the moving wheel, until, at a certain speed, the whole edge appears trans- 
parent. The rate at which the wheel moves being known, it is easy to determine the 
time occupied while one tooth passes to take the place of the one next to it. A ray of 
light is made to traverse many miles through space, and then passes through the teeth 
of the revolving disk. It moves the whole distance in just the time occupied in the 
movement of a single tooth to the place of another at a certain speed. 


of light, 186,094 


€ obtaineg by 


LIGHT. 325 


ooo 


yo, When rays of light are retained upon the 
Fcc upon which they fall, they are said What is 
i be absorbed ; in consequence of which absorption 


of light? 
to presence is not made sensible by 


their 
reflection. | | 

Light which is absorbed by a body is changed into heat. 

It was stated in § 12, that all matter !s composed of atoms and 

Bes which are continually in a state of vibration. oe 
.. olecules of each element have a certain period of vibration, 

ae eculiar to the particles of that element, and belongs to no 
eo i a string of a piano, when tuned to sound D, as long as it 
Bue the conditions proper to the production of that note will sound 
“a so the molecules of a body are tuned, as it were, to a certain 
no ) a 
. ae means of which heat and light are supposed to be 

ae 6 able to transfer its vibrations to the molecules of a 
ie P ided the rates of vibration are the same; and thus the 
enc becomes a center of vibration, producing heat, or, if the 
Be ons be sufficiently rapid, heat and light. a 

More definite conceptions of the terms employed in the oy g 
of the chapter are now possible. A transparent body is aoe 
molecules suffer all vibrations which produce the sensation oe ig i 
pass through, without accepting any vibration from the et ele : 
opaque body absorbs all light; that is, its molecules readily a 
vibratory movements from the ether, but these vibrations ee a 
sufficiently rapid to make the absorbing body a source of light. ‘ ee 
they are rapid enough, the body is raised to incandescence, and itse 
gives out vibrations of light and heat. 



































































































































































































































































































































































































































NATURAL PHILOSOPHY. 


SECTION I. 


REFLECTION OF LIGHT. 


581. When rays of light fall upon any surfa 


Ce, 
What occurs they may be reflected, absorbed, or trans. 
eae mitted. Only a portion of the light, how. 


any surface? ever, which meets any surface, is reflected, 
the remainder being absorbed or transmitted. 

582. When the portion of light reflected from any 
Sanaeass. surface, or point of a surface, to the eye, 
paeernes is considerable, such surface or point ap- 
Whenidark? pears white ; when very, little. is reflected, 
it appears dark-colored; but when all, or nearly all, 
the rays are absorbed, and none are reflected back to 
the eye, the surface appears black. 


Thus charcoal is black, because it absorbs all the light which falls 
upon it, and reflects none. Such a body can not be seen unless it is 
situated near other bodies which reflect light to it. 

According to a variation in the manner of reflecting light, the same 
surface which appears white to an eye in one position may appear to 
be black from another point of view, as frequently happens in the case 
of a mirror, or of any other bright or reflecting surface. 


583. All bodies not in themselves luminous’ be- 


How are come visible by reflecting the rays jof light. 


non-lumi- 

nous bodies It is by the irregular reflection of light that most 
rendered objects in nature are rendered visible; since it is by rays 
visible. which are dispersed from reflecting surfaces, irregularly 
and in every direction, that bodies not exposed to direct light are illu- 
minated. If light were only reflected regularly from the surface of 
non-luminous bodies, we should see merely the image of the luminous 
object, and not the reflecting surface.* In the daytime the image 


* In a very good mirror we scarcely perceive the reflecting surface intervening 
between us and the images it shows us. 
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n would be reflected from the surface of all objects around 
ee hey were composed of looking-glass, but the objects them- 
ys, 2° a be invisible. A room in which artificial lights were 
a ae reflect these lights from the walls and other objects as if 

a ee icrors, and all that would be visible would be the multt- 
poy ee tion of the artificial lights. 
plied = atmosphere reflects light irregularly, and every particle of air 
a ‘nous center, which radiates light in every direc- what effect 
Bev axe it not for this, the sun’s light would only has thes 
te those spaces which are directly accessible to acer 
and darkness would instantly succeed the dis- diffusion 
the sun below the horizon. of light? 


is a 
tion. 
lumina 
its rayS, 
appearance of 


584. Any surface which possesses the power of 
reflecting light in the highest degree AS whatisa 


mirror? 
Mirror. 
called . e ° e Ss 
Mirrors are divided into three general classes, 


without regard to the material of which tte how 
f 1 many cla 
they consist; viz., plane, concave, and: 77 tr. 


divided? 
convex mirrors. 

These three varieties of mirrors are represented in Fig..214: A 
being plane, like an ordinary looking-glass; B con- ebiys 
cave, like the inside of a watch-glass ; and C convex, 

9 
like the outside of a watch-glass. 


385. When light falls upon a plane j 


and polished surface, the an- what is the 


; : great law of 
gle of reflection is equal to he reftection 


incl ight? 
the angle of incidence. of lig 


This is the great general law which governs fi 
the reflection of light, and is the same as that which Wier die 


erns the motion of elastic bodies. ree os 
Thus in Fig. 215, let EC be the direction of an incident ray of 
2 


light, falling on a mirror, FG. It will be reflected in o oe 
CD. If we draw a line, PC, perpendicular to the surface a 5 
mirror, at the point of reflection, C, it will be found that the aS : 

incidence, E C P, is precisely equal to the angle of reflection, . 

































































































































































































































































































































































































































































NATURAL PHILOSOPHY. 


It will be seen from the figure that the same law 


holds good 
in regard to every form of Surface, curved as well as 


Plane, since 
a a curve may be supposed to be 
; formed of an infinite number of 


little planes, as at the point C, Fig, 
21 


536. An image, in Op- 
Soe tics, is the fig. 
iicaat by .ULe Ol any aie 


Soe. ject made by 
rays proceeding from the several points of it. 


- 587. A common looking-glass consists of a glass 
Whatisa plate, having smooth and parallel surfaces, 


common 


iseking. and coated on the back with an amalgam * 
glass ? of tin and quicksilver, 


The images formed in a common looking-glass are 


How arethe Mainly produced by the reflection of the 
images rays of light from the metallic surface 
formed in 


alooking- attached to the back of the glass, and not 
eee from the glass itself. 


The effect may be explained as follows: A portion of the light inci- 
dent upon the anterior surface js regularly reflected, and another por- 
tion irregularly. The first produces a very faint image of an object 
Placed before the glass, while the other renders the surface of the 
glass itself visible. Another and much greater portion, however, of 
the light falling upon the anterior surface, passes into the i 
strikes upon the brilliant metallic coating upon the back, from which 
it is regularly reflected, and, returning to the eye, produces a strong 
image of the object. There are, therefore, strictly speaking, two 
images formed in every looking-glass,—the first a faint one by the 
light reflected regularly from the anterior surface, and the second a 
strong one by the light reflected from the metallic surface ; and one of 
these images will be before the other at a distance equal to the thick: 


ass, and 


* An amalgam is a mixture or compound of quicksilver and some other metal, 
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the glass. In good mirrors the superior brilliancy of a 
Rice by the metallic surface will render the ae 
oS the anterior surface invisible; but in glasses badly s 


ness of 
image a 
roduce : oe 
images may be easily seen. . ; 
as he EP eesceaet the mirror could be so highly polished as to 
a 


egularly all the light incident upon it, the mirror itself es 
reflect ¥¢ g nd the observer, receiving the reflected light, woul per 
be oa é but the images of the objects before it. This amount 
ceive nee oe impossible to effect artificially, but in many of the large 
pois irrors manufactured at the present time a high degree of 
ona ee ttained. Such a mirror, placed vertically against the wel 
et. ears to the eye merely as an opening leading into 
— recisely similar and similarly furnished and ilumi- 
ad a a acne observer is only prevented from attempting 
Be crouch such an apparent opening by encountering his own 
to wa 


image as he approaches. 


588. A plane mirror only changes the direction o 
the rays of light which fall upon it, ves in what 
out altering their relative position. yy noe 
they fall upon it perpendicularly, they ae manera 
be reflected perpendicularly; if they fa a 
upon it obliquely, they will be reflected o oe a 
the angle of reflection being always equal to 
angle of incidence. 


If the two surfaces of mirrors are not parallel, or when will 


: eee : 3 
uneven, then the rays of light falling upon it will not he ne ee 
Pieced regularly, and the image will appear distorted. pinesaecte. 


589. We always seem to see an object oe 
in the direction from which its rays enter the eye. 
A mirror, therefore, which by reflection How isan 
changes the direction of the rays proceed- alike S 


= ce caused 
ing from an object, will change the appar ce See 
ent place of the object. 


Thus, if the rays of a candle fall obliquely upon a mirror, and are 
? 





















































































































































































































































































































































































































































330 NATURAL PHILOSOPHY. 


reflected to the eye, we shall seem to see the candle in the mi 
the direction in which they proceéd after reflection. . 
If we lay a looking-glass upon the floor with its face uppermn | 

ost, 


Yor in 


and place a Can- 
dle beside it, the 
- Image of the 
candle will be 
seen in the mir. 
ror, by a person 
standing Oppo- 
site, as inverted, 
and as)much 
below the syy. 
as the candle itself stands above the glass. The cas, Ga 
that the incident rays from the candle, which fall upon the nie : 
are reflected to the eye in the same direction that they would re 
taken, had they really come from a candle situated as much below a 
surface of the glass as the first candle was above the surface. T] 
ce shown by referring to Fig. 216. ae 
en we c] Ir 

ae er ceee ey mirror (the common looking-glass), the 
from each point of our body 

before the mirror will, after 

reflection, proceed as if they 

came from a point holding a 

corresponding position be- 

hind the mirror, and there- 

fore produce the same effect 

upon the eye of the observer 

as if they had actually come 

from that point. The image 

in the glass, consequently, 

appears to be at the same 

distance behind the surface of 

the glass, as the object is 

before it. 

Let A, Fig. 217, be any 

point of a visible object placed before a looking-glass, MN. L 
A Band A C be two rays diverging from it, and nedeced Hou B 


Fic. 216. 
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C to an eye at O. After reflection they will proceed as if they had 
issued from a point a, as far behind the surface of the looking-glass as 
A is before it; that is to say, the distance A N will be equal to the 
distance N @. 

For this reason our reflection in a mirrer seems to approach us 
when we walk toward it, and to retire from us as we retire. 

Upon the same principle, when trees, buildings, or other objects 
are reflected from the horizontal surface of a pond, or other smooth 
sheet of water, they appear inverted; since the light of the object, 
reflected to our eyes from the surface of the water, comes to us with 
the same direction as it would have done, had it proceeded directly 


from an inverted object in the water. 


soo. The quantity of light reflected from a given 
surface is not the same at all angles OF 4, the same 
‘inclinations. When the angle or inclina- ee 
tion with which a ray of light strikes upon reflected at 
2 reflecting surface is great, the amount of aL 
light reflected to the eye will be considerable; when 
the angle or inclination is small, the amount of light 
reflected will be diminished. 


Thus, for example, when light falls perpendicularly upon the sur- 
face of glass, twenty-five rays out of one thousand are returned ; but, 
when it falls at an angle of 85°, five hundred and fifty rays out of one 
thousand are returned. 

Thus a surface of unpolished glass produces no image of an object 
by reflection when the rays fall on it nearly perpendicularly; but, if 
the flame of a candle be held in such a position that the rays fall upon 
the surface at a very small angle, a distinct image of it will be seen. — 

We have in this an explanation of the fact that a spectator stand- 
ing upon the bank of a river sees the images of the opposite bank and 
the objects upon it reflected in the water most distinctly, while the 
images of nearer objects are seen imperfectly or not at alll ee Evene =the 
rays coming from the distant objects strike the surface of the water 
very obliquely, and a sufficient number are reflected to make a sensible 
impression upon the eye; while the rays proceeding from near objects 
strike the water with little obliquity, and the light reflected is not 

sufficient to make a sensible impression upon the eye. 



































































































































































































































































































































































































































320 NATURAL PHILOSOPHY, 


This fact may be clearly seen by reference to Fig. 218. 

Let S be the position of the spectator, O and B the Position of dis. 
tant objects. The rays O R and B R, which proceed from th 
strike the surface of the water very obliquely ; and the light whic 
reflected in the direction R S is sufficient to m 
sion upon the eye. But in regard to objects, s 


em, 
h is 


ake a sensible impres. 


>. , ~airTh 
ed pyre 


Ye: Dye A 
IER BES 3 BY 


—— 


Fic. 218. 


the spectator, they are not seen reflected, because the rays A R’, which 
proceed from them, strike the water with but little obliquity; and con. 
sequently the part of their light which is reflected in the direction 


R/S, toward the spectator, is not sufficient to produce a sensible im- 
pression upon the eye. 


591. If an object be placed between two parkillel 
What isthe Plane mirrors, each will produce a reflected 
= a ‘wo image, and will also repeat the one re- 


plane flected by the other, the image of the one 


mirrors ? 


becoming the object for the other. A 
great number of images are thus produced ; and, if. 
the light were not gradually weakened by loss at 


each successive reflection, the number would be 
infinite. 


If the mirrors are placed so as to form an angle with each other, 
the number of mutual reflections will be diminished proportionably to 
the extent of the angle formed by the mirrors. To find the number of 
images given by the mirrors, divide 360° by the number of degrees in 
the angle formed by the two mirrors. The quotient, if a whole num- 
ber, will include the images and the object. Thus mirrors so placed 


uch as A, placed Near — 
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as to form an angle of go° with each other will produce three images ; 
i s, &c. 

‘ ee rction of the optical instrument called the kaleidoscope 
; ae simply upon the multiplication of an image by Describe the 
eo ore mirrors inclined toward each other. It kaleidoscope. 
Oh a ee a tube containing two or more narrow strips of looking- 
Be ch run through it lengthwise, and are generally inclined at 
Be. f about sixty degrees. If at one end of the tube a number 
* a of colored glass and other similar objects are placed, 
e ai = reflected from the mirrors in such a way as to form regular 
BO. st elegant combinations of figures. An endless variety of sym- 
ap = combinations may be thus formed, since every time the instru- 
ee cis moved or shaken the objects arrange themselves differently, 
"a rure.1s produced. 
er a peace of smooth water the sun, when it is nearly ver- 
Fei as at noon, appears to shine upon only one ae Fish ALE 
all the rest of the water appearing dank:-Dhe Seas e sey 
this is, that the rays fall at various: degrees of Pa seas Cae 
on the water, and are reflected at similar angles ; ut, as at only one 
only those which meet the eye of the spectator are ye pase ee 
ble, the whole surface will appear dark, except at the prides 
point where the reflection occurs. 

Thus, in Fig. 219, of the 
rays S A, S B, and S C, only 
the ray S C meets the eye of 
the spectator, D. The point 
C, therefore, will appear lumi- 
nous to the spectator D, but 
no other part of the surface. 

Another curious optical 
phenomenon is seen when the 
rays of the sun or moon fall 
at an angle upon the surface 


of water gently agitated by 


the wind. A long, tremulous 

path of light seems to be 

formed toward the eye of the 

spectator, while all the rest 

a the Brice appears dark. The reason of this appearance is, 
that every little wave, in an extent perhaps of miles, has some part 








































































































































































































































































































































































































































































































334 NATURAL PHILOSOPHY, 


of its rounded surface with the direction or obliquity, which accord: 
to the required relation of the angles of incidence and reflec 
it to reflect the light to the eye; and hence every wave in that ie fits 
sends its momentary gleam, which is succeeded by others. ba 


ress 592. A concave mirror may be consig_ 


concave i 1 1 ( : 
. eaeaae ered as the interior surface of a portion 
or segment of a hollow sphere. 


This is clearly shown in Fig. 220. 


A concave mirror may be repre. 
sented by a bright spoon, Or the 
reflector of a lantern. 


When parallel rays of 


ee light fall upon 
parallelrays f{ 
parallels he surface of q 
from a con- COonCave mirror 
cave mirror? ‘ 
they are reflect- 
ed, and caused to converge 
to a point half-way between 
the center of the surface and the center of the ¢urve 
of the mirror. This point in front of the mirror is 


called the principal focus of the mirror. 


Thus, in Fig. 220, let 1, 2, 3, 4, &c., be parallel rays falling upon a 
concave mirror: they will, after reflection, be found converging to 
the point 9, the principal focus, which is situated half-way between the. 
center of the surface of the mirror and the geometrical center of 
the curve of the mirror, a. 


593. In optics the positions of an object and 


Whatare  1tS Image are always interchangeable, and 
conjugate 


foci? these positions are called conjugate foci. 


Thus in Fig. 220, if the luminous body, instead of being at an 
infinite distance as would be the case with an object giving parallel 
rays, be placed at the point ¢, the rays will be reflected parallel. In 
Fig. 223 the points s and S are conjugate foci. ; 


: 


: 
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This principle is taken advantage of in the arrangement of the 
JJuminating and reflecting apparatus of light-houses. The lamps are 
placed before 
4 concave mir- 
ror, in its prin- 
cipal focus; 
and the rays ot 
light proceed. 
ing from them 
are reflected 
parallel from 
the surface of 
the mirror. Fic. 2er. 


s94. Concave mirrors are sometimes designated as 
: g 39ers 
“burning mirrors,’ since the rays of the Why are 
ean which fall upon them parallel are: re- concave 


mirrors 


fected and converged to a focus (fire- called burn- 
place), where their light and heat are in- ee 
creased in as great a degree as the area of the 
mirror exceeds the area of the focus." 

sos. Diverging rays of light, issuing from a lumi- 
nous body placed at the center of the In what 


° ° ° manner are 
curve of a concave spherical mirror, will diverging 


be reflected back to the same point from {¥§ reflected 
6 : . rom a con- 
which they diverged. 


cave mirror ? 


Thus, if A B, Fig. 222, were a concave spherical mirror, of which 


* A burning mirror, twenty inches in diameter, constructed of plaster of Paris, 
gilt and burnished, has been found capable of igniting tinder at a distance of fifty feet. 
It is related that Archimedes, the philosopher of Syracuse, employed burning mirrors 
two hundred years before the Christian era, to destroy the besieging navy of Marcellus, 
the Roman consul; his mirror was probably constructed of a great number of flat 
pieces. The most remarkable experiments, however, of this nature, were made by 
Buffon, the eminent French naturalist, who had a machine composed of 168 small 
plane mirrors, so arranged that they all reflected radiant heat to the same focus. By 
means of this combination of reflecting surfaces he was able to set wood on fire at the 


| distance of 209 feet, to melt lead at one hundred feet, and silver at fifty feet. 
















































































































































































































































































































































































336 NATURAL PHILOSOPHY. 


C were the center, rays issuing from C would, in obedience to the law 
that the angles of incidence and reflection are 
equal, meet again at C. 

When the rays issue from a point, S, Fig, 

C 221, beyond the center, C, of the curve of 
the mirror, they will, after reflection, con. 
verge to a focus, s, between the principal] 
focus, F, and the center of the curve, C. 

On the contrary, if the rays issue from a point between the princj. 
pal focus, F, and the surface of the mirror, they will diverge after 

reflection. (Fig. 223.) 


Fic, 222. 


596. When an object is placed between a concave 


When will 
the image 
formed bya 
concave 
mirror be 
magnified ? 


mirror and 
its princi- 
pal focus, 
the image 
will appear 

larger than the object, in an erect position and behind 

athe. minor. 

This will be ap- 

parent from Fig. 

22Ae eeteamb be 


an object situated 
within, the focus 


of the mirror. - 


The rays from its 
extremities will 
fall divergent on 
the mirror, and be 
reflected less di- 
vergent as though 
they. proceeded 


LIGHT. user, 


from an object behind the mirror, as at @ 4. The image will appear 
jarger than the object, since the angle of vision is larger. 
: If the rays proceed from a distant body, as at A B, Fig. 225, 


peyond the cen- 
ter, C, of a 
spherical re Oo n- 
cave mirror, 
they will, after 
reflection, be 
converged to a 
focus in front of 
the mirror, and 
somewhat near- 
er to the center, 
C, than the prin- 
cipal focus, and 
there paint upon 
any substance 
placed to re- ae ee 
ceive it an image a 4 inverted, and smaller than the object: this image 
will be very bright, as all the light incident upon the mirror will be 
gathered into a small space. As the object approaches the mirror, 
the image recedes from it, and approaches C ; and when situated at 
C, the center of the curve of the. mirror, the image will be reflected 
as large as the object; when it is at any point between C and F, sup- 
posing F to be the focus for parallel rays, it will be reflected, enlarged, 
and more distant from the mirror than the object, this distance increas- 
ing until the object arrives at F, and then the image becomes infinite, 
the rays being reflected parallel.* 


597. When an object is farther from the surface 
of a concave mirror than its principal when wi 


5 5 : 3 the images 
focus, the image will appear inverted; but, vfecctea 


when the object is between the mirror. fromacon 


° ; . ‘ cave mirror 
and its principal focus, the image will be appear 


: : ° : . : inverted. 
upright, and increase in size In proportion anawhen 


as the object is placed nearer to the focus. s**t? | 


* In all the cases referred to, of the reflection of light from concave mirrors, the 
aperture or curvature of the mirror is presumed to be inconsiderable. . If it be increased 
beyond a certain limit, the rays of light incident upon it are modified in their reflections 
from its surface. 


Fic. 225. 






















































































































































































































































































































































































































































































338 NATURAL PHILOSOPHY 


The fact. that images are formed at the foci of ac 


and that, by varying the distance of objects before the ee Mirro, 
thes 


Lace we may vary the position and size of the im 
ie foci, was often taken advantage of in the middle a 
and delude the ignorant. Thus, the mirror and the Re, is ee 


cealed behind a curtain or a partition, and the object ject bein 


such 
: manner as to pass through an opening in the sc 
o a locus at some distance beyond, in the air 


If a cl 
. ° S 
from burning incense were caused to ascend at ee 


this point, an 


apparently supernatural manner. In this way terrify 


of skulls, daggers, &c., were produced. NS aPParitions 


Fic. 226, 


Write a 598. A convex mirror may be considered 


convex ¢ 1 0 
SonveR. as any given portion of the exterior sur- 


face of a sphere. 

The principal focus of a convex mirror lies as far 
Where is the behind the reflecting surface as in con- 
focus ofa CAVE Mirrors it lies before it. (See § 592.) 
aes The focus in this case is called the virtual 

focus, because it is only an imaginary 


point, toward which the rays 
| of 4 
be directed. y reflection appear to 


ages formeg a 
ish 
g COn. — 


e * st g 1 
nated, the rays from the object might be reflected from thee Numi 
© Mirror 3, | 
nN 


“een, and comell 


woul i . 
d be formed upon it, and appear suspended in the a; age 
Ir in an 4 


LIGHT. 339 


Thus let A C and BD, Fig. 226, be parallel rays mcident upon a 
convex mirror, whose center of curvature is C. These rays are re- 
fected divergent, in the directions F H and F G, as though they pro- 
ceeded from a point F, behind the mirror, corresponding to the focus 
of a concave mirror. 

If the point C be the geometrical center of the curve of the mirror, 
the point F will be half-way between C and the surface of the mirror: 
as this focus is only apparent, it is called the virtual focus. 


Rays of light falling upon a convex mir- How are 
° ee eres der d ll diverging 
ror, diverging, are rendere Still MmOKeieaadveonier- 


: ° : - ging rays 
divergent by reflection from its surface; Seen 


and convergent rays are reflected: either from a con- 
parallel or less convergent. ee 
s99. The effect of convex mirrors is to produce an 
erect 1mage, 
smaller than 
the object it- 
self. 
Thus, in Fig. 
226, let 
What is th? 


AB be nature of 


an ob- the images 
exe. t formed by 
convex 
mirrors ? 


placed 
before 
a convex mirror; 
the rays proceeding 
from it will be re- 
flected from the 
convex surface as 
though they pro- 
ceeded from an cb- Te een. 
ject a 6 behind the 
mirror, thus presenting an image smaller, erect, and much nearer the 
mirror, than the object. 
Thus the globular bottles filled with colored liquid, in the window of 























































































































































































































































































































































































































































































































340 NATURAL PHILOSOPHY, 


a drug-store, exhibit all the variety of moving scener 
Carriages, carts, and people moving in different directions ; the 7 
half of each bottle exhibiting all the images inverted, while 
half exhibits another set of them in the erect position, 
polished metal teapot will exhibit the same phenomenon (Fi 
Convex mirrors are sometimes called dispersing mirrors 
rays of light which fall upon them are reflected ina divergi 


§- 227), 


ng direction. 

600. That department of the science of Optics 
Hye ae which treats of reflected light is often 
catoptrics? designated as Catoptrics. 


SECTION IL 


SINGLE REFRACTION OF LIGHT. 


6o1. Light traverses a given transparent substance, 


What is such as air, water, or glass, in a straight 
meant by the 


refraction | line, provided no reflection occurs, and 
ete htc there is no change of density in the com- 
position of the medium; but when light passes ob- 
liquely from one medium to another, or from one 
part of the same medium into another part of a 


different density, it is bent from a straight line, or 
refracted. 


602. A medium, in optics, is any substance, solid, 


ee liquid, or gaseous, through which light 


a medium Can pass. 
in optics ? 


A medium in optics is said to be dense or rare, 
according to its power of refracting light, and not according to its 
specific gravity. Thus alcohol, olive-oil, oil of turpentine, and the like 
substances, although of less specific gravity than water, have a greater 
refractive power: they are therefore called denser media than water. 


603. The fundamental laws which govern the refraction of light 
may be stated as follows :— 


y without, such a 


Pper 
the lower 


» aS all the 
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When light passes from one medium into another, 


.. 4 direction perpendicular to the surface, ines iss 
n ° e e e gove 

: continues on In a straight line, without fefraction 

1 


altering its course. When light passes a ene ; 
pliquely from a rarer into a denser medium, it 1s | 
é fracted toward a perpendicular to the surface ; and . 
bis refraction is increased or diminished in propor- 
tion as the rays fall more or less obliquely upon the 


fracting surface. S 
“ When light passes obliquely out of a denser into 


a rarer medium, it passes through the rarer medium 
in a more oblique direction, and farther from a per- 
pendicular to the surface of the denser medium. 


Thus, in Fig. 228, suppose 7 m to represent the surface of water, 
and S O a ray of light striking upon its sur- 
face. When the ray S O enters the water, 
it will no longer pursue a straight course, 
put will be refracted or bent toward the per- 
pendicular line A B, in the direction O H. 
The denser the water or other fluid may be, 
the more the ray S O H will be refracted, 
or turned toward A B. If, - the ee 

| j O, passes from the water 

: 6 ee ck on after leaving the water will be farther from 

o the perpendicular A O, in the 
direction O S. 

The effects of-the refraction 

of light may be illustrated by 

the following simple experl- 

ment: Let a coin or any other 

object be placed at the bottom 

of a bowl, as at #, Fig. 229, in 

such a manner that the eye at @ 

can not perceive it, on account 

of the edge of the bowl which 


intervenes and obstructs the rays of light. If now an attendant care 


_ Fic. 228. 

































































































































































342 NATURAL PHILOSOPHY, 


filly pours water into the vessel, the coin rises into view, just as if 
the bottom of the basin had been elevated above its rea] level... This 


is owing to a refraction by the water ‘of the rays of light Proceeding 











































































































































































































































































































from the coin, which are thereby caused to pass to the eye j 
direction zz. The image of the coin therefore appears at x, 
direction of these rays, instead of at m, its true position. 
The coin will seem to be slightly magnified, because it appear 
be brought nearer the eye, and hence seen under a larger 
A straight stick, partly immersed in water, 
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bent at the point of immersion. This is owing to the fact that the rays 
of light proceeding from the part of the stick contained in the water 
are refracted, or caused to deviate from a straight line, as they pass 
from the water into the air; consequently that portion of the stick 
immersed in the water will appear to be lifted up, or,to be bent in such 
a manner as to form an angle with the part out of the water. For the 
Same reason, a spoon in a glass of water, or an oar partially immersed 
in water, always appears bent. (Fig. 230.) 

A river, or any clear water viewed obliquely from the bank, appears 


Nn the 


in the persons in b 


S to 
visual angle, 
appears to be broken or 


LIGHT: 343 


seer : i the 
hallow than it really is, since the light eee pee a 

a. t the bottom is refracted as it emerges from the sur oar, 

sex The depth of water, under such circumstances, 1S a 

Pree wateh: 


se 
pird more than it appears; and, owing to this optical deception, 
onet ir 


athing are liable to get beyond their depth. 


604. The angle of refraction of light is not, like 


the angle of reflection, equal to the angle Is the angle 
5 


g : . of refraction 
f incidence; but it 1s nevertheless sub of ae 
0 


° 1 i lled the angle of 
o a definite law, which 1s ca incidence? 


ject to @ 
Jaw of sines. 


A sine is a right line drawn from any point in one oe ey 
: ‘4 an angle, perpendicular to the other line. ww au 
rcs Fi ; 221. let A BC be an angle; thena will a : 
La ae a aaanale being drawn from a point in the line AB, 
Be ea cicular to the line B C. Two angles 
é be compared by -means of their sines ; 
oA whenever this is done, the aS a 
the sides of the angles must be made eee 
because the sine varies in length oe g 
to the length of the lines forming the ae 2 = 
The general law of refraction is as follows: 


When a ray of light 


passes from re 
ium general law 
secs med _ of refraction? 
tO another, 
the sine of the angle of 
incidence is In a con- 
stant ratio to the sine of 
the angle of refraction. 
The proportion or relation 
between these sines differs 
when different media are used ; 
but for the same medium it 1s 
always the same. 


Thus in Fig. 232 the ray R I in passing from air into water will not 































































































































































































































































































































































































































































































344. NATURAL PHILOSOPHY, 


pursue the straight path I R/, but will be bent in 
R’ P’is the sine of the angle of incidence, and S 
angle of refraction. 


The quotient found by dividing the ainie of the 


Witt. auele of incidence by the sine of the an. . 


index of gle of refraction is called the index of ya 
refraction ? : : 
fraction. 


As different bodies have different refra 
sent different indices, but in the same subs 
Thus the refractive index of water is 1.335 
diamond, 2.477. 


ctive powers, they will pre- 


tance it is always Constant 


Islightever No surface ever transmits all the light which falls 
wholly upon it, but a portion is always reflected. 

fransmitted ? 605. When the obliquity of an incident Tay passing 
through a denser medium toward a rarer (as through water j 


Under what is such that the sine of 


its 
circum- refracting angle is equal to 
stances will 


ienrenee: ninety degrees, it ceases to 

tion of light pass out, and is reflected 

occur? from the surface of the 

denser medium back into it again. Thi 

Constitutes the only known instance.of the 

total reflection of light. | 
Thus in Fig. 233 the ray of light SO 

does not emerge from the water, but is 

refracted parallel to its surface in the direc- 

tion OR. If a ray be caused to enter in the direction P O, it is to- 

tally reflected from the surface of 

the water, and does not emerge. 

The angle at which refraction ceas- 

€s and total reflection begins is 

called the critical angle. The criti- 

cal angle of water is 48° 35/; of 

glass, 40° 49’; of the diamond, 

23° 43’. The phenomenon may be 

seen by looking through the sides 

of a tumbler containing water, up 

to the surface in an oblique direc- 


tion, when the surface will be seen to be opaque, and more reflective 


Fic. 233. 


the direction L-sam ; 
P the sine of the 


; Of flint-glass, r, 573 Of the - 


nto air) - 


a 


‘EIGHT. 


1 i heet of burnished silver. ° 
‘mirror, appearing like a s 
than any ml 


234.) -e take a prism of glass, shaped as in Fig. 235, x 
ya beam of light to fall eae 2 : D», 
face AC, it will form an angle wit B 
pe ince this angle is greater than the critical 
3 ae the light will undergo total reflection, 3 
hrough the face C B without suffering any Fic. 235. 


fie an 
angle of g 
and pass u 
refraction. 


606. Light, on entering the atmosphere, a re-. 
fracted in a greater or less se te oes What ie 
ortion to the density of the air; ee a 
uently, as that portion of the atmosphere Leber 
: st the surface of the earth possesses the great- 
a ae it must also possess ‘the greatest refrac- 
e ty, 


tive power. 


aoe his cause the sun and other celestial bodies are never seen 
om eS a tions, unless they happen to be verti- What effect 
: Beal the ue they are to the horizon, the greater has refine: 
a Oe is influence of refraction in altering the apparent ia arp 
Jace of any of these luminaries. ee ofthe sane 
: This forms one of the sources of error to be a used tor RRC 
for in all astronomical observations; and tables are calcu Ititude of 
for in al t of refraction, depending on the apparent alti : 
a Re ae the state of the barometer and thermometer. aan 
e aes is vertical, or nearly so, this error is a ae 
; i ° the horizon; so : 

ee eared eobe blo he has actually risen, and in the 
in 
ee onc nee morning does not occur at the instant of the 
bo eee above the. horizon, or gees ee nes e the 
soon as he has disappeared below it. But botha seiuee tunilignt? 
ing and evening the rays proceeding from the sun pate das ais 
the horizon are, in consequence of atmospheric re eee Gee 
to the surface of the earth, and thus, in peace of the day, 
action of the particles of the air, produce 2 leng S 


termed twilight. 























































































































































































































































































































































































































































































































































































































NATURAL PHILOSOPHY, 


As the density of the air diminishes gradually upward from the 
5 cate earth, atmospheric refraction is not a sudden change of 
aa wee - direction, as in the case of the Passage of light from 
light refract- air into water; but the ray of light actually describes a 
ed by the curve, being refracted more and more at each ste : 
atmosphere? ; ; : : P Of its 

progress. This applies to the light received from adie 
tant object on the surface of the earth, which is lower or higher than 
the eye, as well as to that received from a celestial object; since ot 
must pass through air constantly increasing or diminishing in density, 
Hence, in the engineering operation of leveling, this refraction must 
be taken into consideration. : 

607. The application of the laws of refraction of light accounts for 
Explain the ™any Curious deceptive appearances in the atmosphere, 
phenomena which are included under the general name of Mirage, 
Of tnitage. Trt these phenomena the images of objects far remote 
are seen at an elevation in the atmosphere, either erect or inverted. 
Thus travelers upon a desert, where the surface of the earth is highly 
heated by the sun, are often deceived by the appearance of water in 

_ the distance, surrounded by trees and villages. In the same manner 
at sea, the images of vessels at a great distance and below the hori- 
zon will at times appear floating in the atmosphere. Such appear- 
ances are frequently seen with great distinctness upon the great Amer- 
ican lakes. These phenomena appear to be due to a change in the 
density of the strata of air which are immediately in contact with the 
surface of the earth. It frequently happens that strata resting upon 
the land are rendered much hotter, and those resting upon the water 
much cooler, by contact with the surface, than other strata occupying 
more elevated positions. Rays, therefore, on proceeding from a dis- 
tant object, and traversing these strata, will be unequally reflected, and 
caused to proceed in a curvilinear direction; and in this Way an 
object situated behind a hill, or below the horizon, may be brought 
into view, and appear suspended in the air. 


The phenomena of mirage may be readily understood by reference 


to Fig. 236, in which c, c/, cl, &c., represent layers of air of unequal 
density. A ray of light proceeding from A undergoes refraction in 
passing through the air, and proceeds in a curved direction until it 
arrives at O, where it is totally reflected, and proceeds to the eye of 
the horseman. But, as an object always appears in the direction in 
which the last rays proceeding from it enter the eye, two images will 
be seen, one of them being inverted, 


These phe 


along 
jmage 2 § 
In the same 
densities, 

¢t some ° 
te, by rode’ 1 
jiquids Le es, such as oils, hydrogen, the 
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omena may be sometimes imitated. Thus, : ig ee 
ed a bar of iron, or a mass of heated ead 4 oa 
ee -eflection of it w A 
Bai Se na ence ee liquids of different 
Pikikc en one above another, and look through them 
a Bo he be seen distorted and removed from its true 
os s ae unequal refractive and reflective powers of the 


ichly inflammable bodi : . 
aa Se sulphur, amber, camphor, &c., have a refractive 


608. 


diamon, Be. to seven times greater than that of incombustible sub- 


stances of equa 


rom ten 
| density. 
























































































































































































































































































































































































































































Fic. 236. 


Of all transparent bodies, the diamond sie) 
the greatest refractive or Be eee a pine? 
though it is exceeded by a few deeply-c e ae 

aque, minerals. It is in great part to this : 
hat the diamond owes its brilliancy as a jewel. 


roved 
. ibility of the diamond was p 
ore the combustibility f 
Bae oe ewton predicted, from the circumstance 0 


: ; N 
by experiment, Sir Isaac that it would ultimately be found to be 


its high refractive power, 


inflammable. & é 
: If the surface of any naturally transparent body 1 





































































































































































































































































































































































































































































































348° NATURAL PHILOSOPHY, 


made rough and irregular, the rays of light which f 
upon it are refracted and reflected so ir 


they fail to penetrate and pass through the subst 
of the body, and its transparency is thus destroy 


Glass made rough on its surface loses its transparency ; byt 
rub a ground-glass surface with wax, or any other substance of 
the same optical density, we fill up the irregularities, and rest 
transparency. Horn is translucent, but a horn Shaving js 
opaque. The reason of this is that the surface of the shaving ha 
torn and rendered rough, and the rays of light falling upon it a 
much reflected and refracted to be transmitted, and thereby 
translucent. On the same Principle, by filling up with oil, t 
and irregularities of the surface of white paper, 
render it nearly transparent. 


ed, 


near] 


According to the undulatory theory of light, 
How is refraction is supposed to be due to an 
scotnteg 2 alteration, inthe velocity with which the 


accounted 
for? ray of light travels, 


Thus light travels less rapidly in glass than in water, and less 
rapidly in water than in air. The greater the refractive power of a 
substance, the more are light-waves retarded in Passing through it, 

609. That department of the science of optics 
What is which treats of the refraction of light is 
coeaucs? termed Bioptrics. 

610. When a ray of light passes through a trans. 
What ensues Parent medium whose sides where the ray 
when light ] i 
ae enters and emerges are parallel, it will 
through suffer no permanent change of direction 
by refraction, since the second surface 


media with 
Parallel 

| exactly compensates for the refractive 
effect of the first. 


surfaces ? 
Thus let A A, Fig. 237, be a plate of glass whose sides are paral- 
Jel, and B C a ray of light incident upon it: it will be refracted in the 


ance 


if we 
nearly 
OFre its 


S been 
TE too 
render jt 


he Pores 
which is Opaque, we 


( 


all 
regularly, that a 


4 emerging in 
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D, and, on leaving the glass, will be ea se 
the line D E, parallel to the course it would ha 
ad not been refracted at all, and 
is shown by the dotted line. A 
11 lateral displacement 1s, however, 
ae ,ed in the path of the ray, depend- 
ee ihe thickness of the glass plate. 
4 iis explains the reason why a plate 
lass ina window, whose surfaces are 
me tly parallel, occasions no distor- 
ox Beeson of the position of ob- 
a Feit through it, by reason of its 
i. tive power. The rays suffer two 
Be cians in contrary directions, which 
“— the same effect as if no refrac- 


tion had taken place. 


If the surfaces of the medium through which light 


asses are not parallel, the direction of What hep- 
Pp ery ray passing through it 1s perma- ight passe 
a 1 or] throug 
ently altered, the change being greater rbrdnely 2 
n 


: ° : faces is surfaces are 
as the inclination of the two sur sea 


direction © 


if it h 
which 


FIG. 237. 


reater. | cia 

; Thus window-glass of unequal thickness displaces ee bee at 
u : Re ion of objects 1 
i he singular distortion : 

i n through it. Hence t ; : 
fe that eee or lump of glass known as the ae ae 
a is sometimes seen in the center of very coarse pants one ‘ 
Bee hich remains where the glass-blower’s instrument was a 
an 


61r. Any glass having two plane sur- weet a 
“faces not parallel is called a Prism. 


on looking through a prism, all objects are seen removed from 


7 sian 
‘their true place. Thus let C A B, Fig. 239; be 1 as : e 
ism, and D E a ray of light incident upon it: it be uence 
te i atmacted in the direction E F, and, on emerging, is SS 
again be refracted in the direction F H; and, as objects alway : 
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in the direction in which the last ray enters the eye, the bi 
’ O 

my 2PPEar at G, nee 
tion of the dott ; 
| elevated above its 

: Seeger §Sition. If the ; 
= ae angle, A C 8, hac 
i ee placed downward, the oI 
le ject would have apse 
Sey - Sees 2S much depressed. . _ 

= os The prism, alt 

| 4 \ ae simple construstaa all 9 
wii Fe of he thost impor i 
| i 7 e aS see optical instruments, and °f 
| | ae. = fe oe m its agency we are indebal 
ee for most of the informa. 
tion we possess respectin 
the nature and constitution 


and : ; of light. The 
ess gceulks of its practical application belong to oa 
Pp ent of optics which treats of the phenomena of ¢olor at de. 


| O12. A Lens is a piece of glass or other transpa 
What is ent substance, “4 
bounded on‘ o.. 
both sides sby..pelished ...._. 
spherical surfaces, or on 
the one side by a spheri- On 
cal and on the othe1 by a 
ae ae nee of light passing through it are 
wee ge their direction, and to magnify or di- 
€ appearance of objects at a certain distance ™ 
_ There are Six different kinds of simple lenses all 
How many : which may be considered as Seton of 
simple e external or internal surface of a sphere. 
nsesare Four of these lenses are bounded by two 


there ? é 
| spherical surfaces, an 
spherical surface. , and two by a plane and 


| 
' 
J 


| 


Fic. 239. 


Will 
req 3 
Ed line 
Tea] pel ; 
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/ 
Fig. 240 represents sectional views of the six varieties of simple 


lenses. 
A is a dou- F# 
ble co nvex 
lens 5 B, a pla- 
no-convex ; C3 
4 concavo-con- 
yex or menis- Fic. 240: 
cus; D,a dou- 
ble concave ; E, a plano-concave ; F, a convexo-concave. 
The six varieties of simple lenses are divided into 


two classes, which are denominated con- Into how 
many classes 


rging and diverging lenses, since the eGienses 


ve 
be divided ? 


one class renders parallel rays of light fall- 
ing upon them convergent, and the other 


ders them divergent. 

In Fig. 240, A B C are converging or collecting lenses, and DE F 
diverging or dispersing lenses. The former are thickest at the center ; 
the latter are thinner at the center than at the edges. 

In the first class it is sufficient to considergonly the double-convex 


and in the second class only the double-concave lens, since the prop- 
class. 


class ren- 


lens, 
erties of each of these lenses apply to all the others of the same 


For optical purposes, lenses are generally made of glass; but in 
some instances other substances are employed, such as rock-crystal, 


the diamond, &c. 


a’ 
WW * a! 
MWS 

aY 


\ 


WG 
Wy 
a 


Fic. 241. 


The double-convex lens may be regarded as a number of prisms 
with their summits pointing outwards, as is represented in Fig. 241; 
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r of the sphere 








convex lens is equal to the diameter OF a 
a portion; in a double-convex lens it is equal 
of the sphere of which the lens 1s a 




















and as in a prism. the ray of light refracted by it is always turneg This in a single- 
toward its back, or thicker part (whether that be turned upward, down, a | ae which the lens is # e 
ward, or to either side), it follows, that when parallel rays fall upon g q Paesxadius, or semi SO eee? 
double-convex lens, or two prisms united at their bases, they will con. portion. 

verge to a point. : | Le Pe 

The double-concave lens may, in like manner, be regarded as a 3 ae —_ oe i 

succession of prisms with their summits pointing inwards. They > a. es = | 
therefore cause the rays of light to diverge. . 



























































In all the various kinds of lenses there must be a | ae eS 
Whatisthe POlnt through which rays of light passing 4 i —— se: Fic. 242. a ee 
optical cen- + €xperience no deviation ; or, in other words, . = If, as in Fig. 242, a candle is placed at a aes vailenierse 
Ste the incident and emergent rays are parallel, _ - @ jouble-convex lens, the rays on passing throug as 
Such a point is called the optical center of a lens . a parallel to the axis. 
and is situated on ‘the axis of the lens. 

The axis of a lens is a straight line passing through 
Whatisthe the center perpendicular to the surface 
_Masofalens? ofthe lens.- M N, Fig. 241, is the axis of 
the lens A B, 3 




















































































































. . & Seiaxe ig. 2 . 
On this line will be situated the geometrical centers of the two - 7 If the candle is placed beyond the principal focus as at L (Fig. 243) 


> F . jugate to 
surfaces of the lens, or rather of the spheres of which ; @ the image will be formed at /, and the points L and / are conjuga 


; | » f : . in the same 
lens consid-. they form portions. . | one another. The conjugate foci of lenses are found 


ered exactly ©  -A lens is said to be truly or exactly centered when its q manner as in the case of mirrors (§ 593)- 











When isa 




















cooteree optical center is situated at a point on’the axis equally 


distant from corresponding parts of ‘the surface in every direction; as 
then objects ‘seen. through the lens will not appear altered in position 
when it is turned round perpendicularly to its axis. 
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613. Parallel rays of light falling upon a  doublé- 
1aeehct convex lens are converged to a focus ae a 
mannerare distance varying with the curvature of its 
parallel rays ~"“)*e rrr eS ys : 
affected bya Sides. This focus is called the principal 3 | 
hae focus ofa lens. and the distance fom the When the source of light is between the lens and its Papas: 
middle of a lens to its principal focus is called the focus (Fig. 244), the rays in passing through the lens ave ad ne 
focal distance of a lens. j divergent. The rays in this case cannot cross, and the conjugate focus 























































































































































































































































































































































































































































































































































































































356 NATURAL PHILOSOPHY. 


Hence the magnifying or diminishing power of lenses is Not, as jg 
ften popularly supposed, due merely to th 
What is said % POP y #20! 2 ; y S P€culiay 
of themag- ature of the glass of which they are made, but to the 
nifying or figure of their surfaces. 
Supers The double-convex lens, inclosed in a convenient 
Pe ees setting of metal or horn, is extensively employed by 
watch-makers, engravers, &c., with whom it Passes under 
the general name of Jens. 

618. In addition to the effect which convex lenses 
How may produce by magnifying the images of Ob- 
conve ° ° 
lensesren. jects, they are also capable of renderin 
cbicce, tae distant objects visible which would be 
visible ? invisible to the naked eye, by causing a 
greater number of rays of light proceeding from 


them to enter the eye. 



































Fics. 247 AND 248. 


The light which produces vision, as will be more fully explained 
hereafter, enters the eye through a circular opening 

Explain more : . : os 
fully the called the pupil, which is the black circular spot sur- 
action of the rounded by a colored ring, appearing in the center of 
convex lens the front of the eye. Now, as the rays of light pro- 
ee ceeding from an object diverge or spread out in every 
direction, the number which will enter the eye will be 
limited by the size of the pupil. Ata great distance from an object, 
as will be seen in Fig. 247, few rays will enter the eye; but if, as in 


Fig. 248, we place before the eye a convex lens of moderate size, a 


arge pumber 
into. 4 single Pp 
ving @ PrOP 

object distinctly. 


fall 
the $s 
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of the diverging rays will be collected and concentrated 


cu- 
oint or focus behind it, and thus afford to the eye oc 


° ° t 
er position sufficient light to enable it to sce the distan 


Fic. 249. 
a concave mirror, by causing divergent rays which 


ike manner abe 
p™ become convergent, may be used to p 


upon the surface to 
ame effect, as is shown in Fig. 249. 


SECTION III. 
COLOR, AND THE PROPERTIES OF THE SPECTRUM. 
’ 


619. It has, up to this point, been assumed that light is a a 
and that all its rays, or parts, are refracted in precisely 
ons, er, and therefore suffer the same changes when acted upon 
Be sparen media. This, however, is not its constitution. 
y 


White light, as emitted from the sun or from any 
luminous body, is composed of sevep dit-. nee is the 
ferent kinds of light; viz., red, orange, of white 
yellow, green, blue, indigo, and violet. ae 

The seven different kinds of light produce sev 
different colors; viz., red, orange, yellow, What is the 

indi d violet. These origin of 
green, blue, indigo, an | ous 
seven colors are called primary colors, iia 
since, by the union or mixture of some Pe . os 
of them, all other colors, or varieties of color, 


roduced. . 
; The separation of white light into its several parts 










































































































































































































































































































































































































































































































































































358 _ NATURAL PHILOSOPHY. 


is effected by means of a prism. This Separa. 


How is light tion is designated by the term “ disper. 
analyzed ? sion ” , 


620. The image formed by a ray of white light 


Whatisthe passing through a prism is called the sola; 
specium __,sspectnum: 


la 


Light from any luminous source may be examined by means of a 
prism, and will furnish a spectrum, the nature of which will vary with 
the source of the light. 


When a ray of white light is made to pass through 
a prism, each of the seven rays of which it is com. 
posed is refracted, or bent out of its course, differ- 
ently, and together they form on an opposite screen 


or wall an image composed of bands of the seven 
different colors. 


The order of refrangibility of the seven different rays of light, or 
Explain the arrangement of the seven colors in the spectrum, is 
what is always the same and invariable, whatever way the prism 
Adie? may be turned; the lower end of the spectrum being 
sive power red, which passes upward into orange, then into yellow, 
of different then green, blue, indigo, and violet, which is at the 
substances. upper end. 

Dissimilar substances, however, produce spectra of different lengths 
on account of a difference in their refractive properties. Thus a ray 
of light traversing a prism of flint-glass will have its red and violet 
colors separated on a screen twice as widely as those of a ray passing 
through a similar prism of crown-glass. This difference is expressed 
by saying that the dispersive power of the two substances is different, 
or that flint-glass has twice the dispersive power of crown-glass. 

The separation of a ray of solar light into different colored rays, by 
refraction, is represented in Fig. 250. A ray of light, S A, is admitted 
through an aperture in a shutter into a darkened chamber, and caused 
to fall ona prism, P. The ray thus.entering would, if allowed to pass 
unobstructedly, have moved in a Straight line to the point K, on the 
floor of the room, and there formed a circular disk of white light; but 


cal 
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py the interposition of the prism the ray spreads out in a fan-shape, 

forms an oblong colored image on the opposite wall. This image, 

as q the solar spectrum, is divided horizontally into seven colored 

a or bands, of unequal extent, which succeed each other in an 

able order; viz., red, orange, yellow, green, blue, indigo, violet 
Priate [., Frontispiece). 
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621. The separation of the seven different rays 
composing white light from one another, aceenee 


: : 1 does the 
depends entirely Us poue a difference ha separation of 


their refrangibility in passing through the waite light 
prism. | 

The length of the wave propagated in the ether determines the 
colors of light. The shortest waves are the least refracted, ae 
length of a wave of red light is about ggtpg of an inch; that of a 
wave of violet light is about z7455 of an inch. The lengths % ae 
waves which produce the other kinds of light lie between these limits. 

622. The analogy between sound and light is perfect, even in its 
minutest circumstances. When a certain number of Bey oa 
vibrations of a musical chord is caused in a given time, ogy is there 
we produce a required sound; as the vibrations of the beer 
chord vary from a quick to a slow rate, we produce Lee ates 
sounds sharp or grave. So with light; iene rate at ate 
which the ray undulates is altered, a different sensation 


is made upon the organs of vision. 
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The number of aérial vibrations per second required to Produce 
any particular note in music has been accurately calculated; and it is 
also known that the ear is able to detect vibrations producing sound 
through a range commencing with fifteen, and reaching as far as fort : 
eight thousand, in a second. So also in the case of light, the fre. 
quency of vibrations of the ether required for the production of an 
particular color has been determined, and the length of the Waves 
corresponding to these vibrations. 


623. The waves requisite to produce red are the 


, Oran ° 
What rela- largest ; Orange comes next; then yellow, 


ton exists green, blue, indigo, and violet, succeed 
between 


thewave. €ach other, the waves of each being legs 
lengths and 


vibrations than the preceding. The rapidity of vibra. 
cr eue differ- tion is in the same order, the waves pro- 
ent colors? ; : é : : : 

ducing red light vibrating with the least 
rapidity, and the waves producing violet with the 
greatest rapidity. | 


To produce red light, it is necessary that 39,000 waves or undula. 
tions should be comprised within the Space of a single inch, and that 
474,000,000,000 vibrations should be executed in one second of time; 
while, for the production of violet, 57,500 waves within an inch, and 
699,000,000,000 vibrations per second, are required.* 


Rays of light of all colors, as waves of sound of every pitch, travel] 
with the same velocity. 


624. The seven different rays of light, when once 


What addi- Separated and refracted by a prism, are 
tional proof 


havewe of Not capable of being further analyzed by 


the composi- : é . 
tionbt opie Pelraction: +.'but it by means of a convex 


light ? lens they are collected together, and con. 
verged to a focus, they will form white light. 


* It has been stated that the length of a wave of red light is about 
inch, It has also been shown that light travels at the rate of 186,000 miles per second. 
Each second a length of ray amounting to 186,000 miles must enter the pupil. But, in 


the case of red light, there are 39,000 undulations in an inch. In the space of 186,000 
miles there must therefore be 474,000,000,000 vibrations, 


1 
39000 Of an 


hund 
forty-five of thos 


Sl 


por apidly about a center, the colors by combination will impart 
rotate r 


| made, 
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he spectrum formed by a prism of glass be divided into ce 
3 ae sixty parts, it is found that the red ray, or color, occup 
re 


e parts, the orange twenty-seven, the yellow eee 
ixty, the blue sixty, the indigo forty, and the viole 


b ° ° ° ° OXF OLDS yro- 
eighty cle of paper, and paint upon it in divisions of | 


e take a cir ares 
pee te size the seven colors of the spectrum, and then cause it 
ona 


: hite appearance.* From this and other experiments, there- 
ie a. f a that light which we call colorless, or White (as that 
Oe ae se from the sun), really contains light of all possi- 
ey a e mixed as to neutralize each other. 
eo. we a lens may be considered as a modification of 

> that when light is refracted through a lens it 1s Sr sth 
Be ted 3 to the different colors, precisely as by @ .o4 on ordi- 
lala a a every ray contained in white light is nary lens 
Ps aierently, every lens, of whatever substance producea 
r 


the prism, it 


: perfect 
will have a different focus for every different joe? 


‘e, of such lenses will be 
. The images, therefore, o he is 
os. or less indistinct, and bordered with colored edges. fin 
2 e . 
Fe riection is termed chromatic aberration. 


: i fracted in passing 
d violet rays, v, being more re 
eee through a prism, will be con- 


verged to a focus nearer the 
lens than the focus of the red 
rays, 7. (Fig. 251.) This de- 
fect may be remedied by com- 
bining two lenses formed of 
seated materials which refract light 


in different degrees, the one counteracting the fo ao 

other. Such a combination, known as an achromatic = fs 

is shown in Fig. 252, where a convex lens of sie a 

united with a concave lens of flint-glass. Whi e the ae 
sive power of each is destroyed, the refracting or converging 


to a very strong light. ; ; 
+ Achromatic, from @, zoz, and YPwpa, color. 
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630. By changing the structure or molecular ae 


May.the rangement of a body, the color Which it 
color of 


bodiesbe  - CXhibits may be often changed also. 


changed by ; , ones ; 
changing Illustrations of this principle are frequently seen in 


. their molec. chemical compounds. The iodide of mercury is a beau. 
ular struc- tiful scarlet compound, which, when gently heated, be. 
oe comes a bright yellow, and so remains when undisturbed. 
If, however, it is touched or scratched with a hard substance, as with 
the point of a pin, its particles turn over, or re-adjust themselves, anq 
resume their original red color. Chameleon-mineral is a solid sub. 
Stance produced by fusing manganese with potash ; when dissolved jp 
water it changes, according to the amount of dilution, from green to 


blue and purple. Indigo also, spread on paper and exposed to heat, 
becomes red. 


631. Some bodies have the power of reflecting 


from their surfaces one color while they transmit 
another. 


This is the case with the precious opal. A solution of quinine jn 
water containing a little sulphuric acid is colorless and transparent to 
the eye looking through it; but, by looking at it, it appears intensely 
blue. An oil obtained in the distillation of resin transmits yellow 
light, but reflects violet light. Smoke reflects blue light, but transmits 
red light. These phenomena result from a peculiar action of the sur- 
face or outer layer of the substance of the body on some of the rays 
of light entering it, and have received the name of epztpolic, or surface 
dispersion. 

Deepness of color proceeds from a deficiency, rather than from an 
abundance, of reflected Tays: thus, if a body reflects only a few of the 
red rays, it will appear of a dark red color. When a great number of 
rays are reflected, the color will appear bright and intense. 

632. If the objects of the material world had been illuminated only 
with light of one color, all the particles of which possessed the same 
degree of refrangibility, and were equally acted upon by all substances, 
the general appearance of nature would have been dull, and all the 
combinations of external objects, and all the features of the human 

countenance, would have exhibited no other variety than that which 
they possess in a pencil-sketch or India-ink drawing. 


LIGHT. 


i me extent be shown by means of a spirit-lamp in 

ae Be on salt is dissolved. It will give only yellow,light. 

a. re light, yellow, orange, and red objects appear yellow of vari 

a y des rae green and blue objects appear gray or black. The 

Fe = ie appear of a livid hue, because the light which illumt 
ac 


nates them lacks the red rays. os 
633. Any two colors which are able, by combining, 
to produce white light, are termed com- 


plementary colors. sopunlomens 

Each color of the solar ray has its com- 7 
plementary color, for, if it be not white, it Is de see 
in certain rays that would aid in producing white. 
And these absent rays compose its complementary 


color. | ae 
The relative position of complementary colors in mi Laer 
i : if we take ha 
be determined as follows: Thus, 1 
Wehr cf a sp ir of yasses, and fix one leg on any 
th of a spectrum by a pair o com] ; 
ae the other leg will fall upon its complementary color, iY upon 
a ene which added to the first will produce white ees a e oe 
poe oer GEG 
lor of red is bluish green; of orange 1s blue; yell 
ee ot iolet; of blue is orange red; of indigo 
is indigo; of green is reddish violet; o fe cagus 
Bites yellow; of violet is yellow green; of black is white; of 
hite is black. 
2 Beale inentary colors may be seen by fixing the eye steadily eer 
any colored object, such as a wafer upon a sheet a auc meee . 
1 f this ring wl 
i d rill play round the wafer, an g wi 
ring of colored light wi Tee anteaeee 
: lor of the wafer. A red wate 
complementary to the co De 
i -colored ring, and so on. 5 
en ring, a blue wafer an orange co. 
bier hide regarded the colored wafer steadily for a cae 
g it will retain the impression o 
the eye be closed or turned away, 1 | 
Aes not in its own, but in its complementary color; thus a red wafer 
ill give a green ray, and so on. 

2 In like ene if we look at a red-hot fire for a few minutes, every 
object as we turn away appears tinged with bluish green. — eas 
The art of harmonizing and contrasting colors 1s intimately c 

nected with the principles of complementary colors. 


634. Every color placed beside another color is 
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changed, and appears differently from what it does 
ann when seen alone; it equally modifies, 


colors affect moreover, the color with which it is ip 
each other 


in appear- proximity. 
? e 
ae As a general rule, two colors will ap. 


pear to the best advantage when one is comple. 
mentary to the other. 


This principle is of use in the arrangement of colors in articles of 
dress, in the grouping of flowers in gardens, and in. the preparation 
of bouquets. Black being the complementary color of white, the effect 
of black drapery upon the color of the skin or face is to maké it appear 
pale, or whiter than it usually is. 

The optical effect of dark and black dresses is to make the figure 
appear smaller: hence it is a suitable color for stout persons. On the 
contrary, white and light-colored dresses make persons appear larger, 
Large patterns or designs upon dress make the figure appear shorter; 
longitudinal stripes, if not too wide, add to the height of the figure ; 
horizontal stripes have a contrary tendency, and are very ungraceful.* 


635. [he rainbow is a semicircular band or arch, 
Whatisa COMposed of the seven different colors, 
rainbow? generally exhibited upon the clouds during 
the occurrence of rain in sunshine. | 


* The following curious facts are known to persons employed in trade: ‘‘ When a 
purchaser has for a considerable time looked at a yellow fabric, and is then shown 
orange or scarlet stuffs, he considers them to be amaranth-red, or crimson; for there is 
a tendency in the eye, excited by yellow, to see violet, whence all the yellow of the 
scarlet or orange cloth disappears, and the eye sees red, or red tinged with scarlet, 
Again, if there are presented to a buyer, one after another, fourteen pieces of red cloth, 
he will consider the last six or seven less beautiful than those. first seen, although the 
pieces be identically the same. Now what is the cause of this error in judgment? It 
is that the eyes, having seen seven or eight red pieces in succession, are in the same 
condition as if they had regarded fixedly during the same period of time a single piece 
of red cloth; they have then a tendency to see the complementary color of red, that is 
to say, green. This tendency goes, of necessity, to enfeeble the brilliancy of the red 
of the pieces seen later. In order that the merchant may not be the sufferer by this 
failing of the eyes of his customer, he must take care, after having shown the latter 
seven pieces of red, to present to him some pieces of green cloth, to restore the eyes to 
their natural state. If the sight of the green be sufficiently prolonged to exceed the 
normal state, the eyes will acquire a tendency to see red; then the last seven pieces 
will anpear more beautiful than the others.” — CHEVREUIL on Color. 


water, and suspend it at a certain height in the solar 
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The rainbow is produced by the refrac- Howisa 


° : rainbow 
tion and reflection of the solar rays in the produced? 


drops of falling rain. 


636. Rainbows are also formed when the sun shines upon drops of 
water falling in quantity from fountains, waterfalls, paddle-wheels, &c. 

That the rainbow results from the decomposition of the solar rays 
by drops of water, may be proved by the following -wynat experi- 


simple experiment: If we take a glass globe filled with mente Bete 


: Be : position of 
rays above the eye, a spectator standing with his back jignt by 


to the sun will see the refraction and reflection of red arepae) 
light; if then the globe be lowered slowly, the observer : 
retaining his position, the red light will be replaced by orange, an 
this in its turn by yellow, and so on, the globe at different heights 
presenting to the eye the seven primitive colors in succession: . 
now, in the place of the globe occupying different positions, we sub- 
stitute drops of water, we have a ready explanation of the phenomena 
of the rainbow. 

Drops of rain, suspended to grass or bushes, may be frequently 
found to appear to the eye of a bright red; and, by slightly changing 
the position of the eye, the colors of the drop may be made to appear 
successively yellow, green, blue, violet, and also colorless. This also 
proves that rays 
of light, falling in 


certain directions 


upon drops of 
water, are refract- 
ed thereby, and 
decomposed into 
colored rays that 
become visible to 
the eye when it is 
situated in the 
proper direction. 
The principles 
of the formation 3 
of the rainbow may be further illustrated by Fig. 253. Let A, B, 
and C be three drops of rain; S A, S B, and S C, three rays of the 
sun. The ray S A, by refraction, is divided into three colors : the 
blue and yellow are bent above the eye, D, and the red enters it. 
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368 NATURAL PHILOSOPHY. 


The ray S B is divided into three colors: the blue is bent above the 


eye, and the red falls below the eye, D, but the yellow enters it. 

The ray S C is also divided into three colors. The blue (which is 
bent most) enters the eye, and the other two fall below it. Thus the 
eye sees the blue of C, and of all drops in the position of C; the yellow 


of B, and of all drops in the position of B; and the red of A, and of 


all drops in the position of A. The same may be also inferred 
respecting the other four colors of the spectrum; and thus the eye 
sees a rainbow. 


The rainbow can be seen only when it rains, and 
Whatare in that point of the heavens was is Oppo- 
fete) siteto the sun 


tions neces- 
sary in 


order to see Hence a rainbow is always observed to be situated in 
arainbow? the west in the morning, and in the east in the afternoon, 


It is also necessary for the production of a rainbow 
that the height of the sun above the horizon should 
not exceed forty-two degrees. 


Hence we generally observe this phenomenon in the morning or 


toward evening; and it is only in the winter, when the sun stands very 
low, that the rainbow is sometimes seen at hours approaching noon. 
As the rays of light differ greatly in refrangibility, only a single and 
Isthe same  Cifferent - colored 
rainbow ray from each 
seen alike by drop will reach 
all persons ? 
the eye of a spec- 
. tator; but, as in a shower there 
g. is a succession of drops in all 
positions relative to the eye, the 
eye is enabled to receive the 
different-colored rays refracted 
at different inclinations. This 
is clearly illustrated in Fig. 254, 
in which S represents rays of 
the sun falling upon successive drops, R, O, Y, G, B, I, V; but a:sin- 
gle colored ray, and a different one for each drop, will reach the eye. 
As no two spectators can occupy exactly the same position, no two 


(\ 


FIG, 254. 
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can see the same color reflected from the same drop; and consequently 
no two persons see the same rainbow. 
In the formation of a rainbow, each colored ray reflected from the 


| falling drops of rain enters the eye’at a different inclina- Why isa 


tion or angle. But the several positions of those drops, rainbow 
which alone are capable of reflecting the same color at Citeular? 
the same angle to the eye, constitute a circle; and hence the bands of 
color which make up a rainbow appear circular. 

Two rainbows are not unfrequently observed at 
the same time, the one being exterior to whatare 
and Jess strongly developed than the other. Eecondsry 
The inner arch, which is the brightest, is "inbows’ 
called the primary bow, and the outer, or fainter 
arch, the secondary bow. The order of colors in the 
inner bow is also the reverse of that in the outer 
bow. 

The inner, or primary rainbow, which is the one 
ordinarily seen, 1S How isthe 4 
formed by two re- fainbow ie aases 
fractions of the so- formed? 
lar ray, and one reflection, 
the ray of light entering the 
drops at the top, and being 
reflected to the eye from the 
bottom. 


Thus, in Fig. 255, the ray S A of the primary rainbow strikes the 
drop at A, is refracted or bent to B, the back part of the inner surface 
of the drop; it is then reflected to C, the lower part of the drop, when 
it is refracted again, and so bent as to come directly to the eye of the 


spectator. 


The secondary, or outer rainbow, is pro- How ne 
e se 
duced by two refractions of the solar ray, rainbow 


and two reflections, the ray of light en- formed? 





























































































































































































































































































































































































































































































































370 NATURAL’ PHILOSOPHY. 


tering the drops at the bottom, and being reflecteg 
to the eye from the top. 


Thus, in Fig. 256, the ray S B of the secondary bow strikes th 
S bottom of the drop at B, is refractas 
to A, is then reflected to C, is again 
reflected to D, when it is again ta 
fracted or bent, till it\reaches the eye 
of the spectator. 

The position and formation of the 
primary and secondary rainbows are 
represented in.Fig. 257. Thus, in the 
formation of the, primary bow, the ray 
of light, S, strikes the drop 7 at a, js 

refracted to 4, reflected to 2, and, leay. 
ing the drop at this point, is refracted to the eye of the spectator at O 
In the formation of the secondary bow, the ray S/ strikes the drop 
at the bottom at the point 7, is refracted to d, reflected to ds re 


thence to ¢, and, refracted from the top of the drop, proceeds to the 
eye of the spectator at O. 


The reason the outer bow is paler than the inner is because it is 
formed by rays which have undergone a second internal reflection, and 
after every reflection light becomes weaker. 


637. Halos are colored rays which are sometimes 
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seen surrounding luminous bodies, especially the 
sun and moon. They are occasioned by whataie 
the refraction and decomposition Of digits Bales? 

by particles of moisture or crystals of ice floating in 
the higher regions of the atmosphere, and are never 
seen when the sky is perfectly clear. 


The production of halos may be illustrated experimentally, by crys- 
tallizing various salts upon plates of glass, and looking through the 
plates at the sun ora candle. A few drops of a saturated solution of 
alum, spread over a glass so as to crystallize quickly, will cover it with 
an imperfect crust of crystals, scarcely visible to the eye. Upon look- 
ing at a luminous body through the glass plate, with the smooth side 
next the eye, three fine halos will be perceived encircling the source of 
light. a 

The fact that halos or rings round the moon are more frequently 
observed than solar halos is dependent upon the circumstance that 
the sun’s light is too intense and dazzling to allow the halo to be recog- 
nized. Halos may be observed most frequently in the winter season, 
and in high northern latitudes. 

638. The beautiful crimson appearance of the 
clouds after sunset in the western horizon whatis the 
is due in a great measure to the fact that occasion 


: of the red 
the red rays of the solar light are less appearance 


refrangible than any of the other colored oeaees 
rays, and, in consequence of this, they are SB 
not bent out of their course so much as the blue and 
yellow rays, and are the last to disappear. For the 
same reason, they are the first to appear in the morn- 
ing when the sun rises, and impart to the morning 
clouds red or crimson colors. 

Let us suppose, as in Fig. 258, a ray of light proceeding from the 
sun, S, to enter the earth’s atmosphere at the point P. The red rays, 


which compose in part the solar beam, being the least refrangible, or 
the least deviated from their course, will reach the eye of a spectator 

























































































































































































































































































































































































































































































































































































372 NATURAL PHILOSOFHY, 


at the point A; while the yellow and blue rays, being refracted to ia 


greater degree, will reach the surface of the earth at the inter 
points Band C. They will consequently be quite invisible f 
point A. 
The red ahgq 
golden apf earance 
of the. clouds at 
morning and even. 
ing is also due jp 
part to tlie fact that 
aqueous vapor on 
the point of being 
condensed Only al. 
lows the red ang 
NWZ yellow rays of light 
IN to pass through it. 
poet For this reason, if 


the sun be viewed 
through a column of steam escaping from a boiler, it appears of a 


deep red, or crimson color. The same thing may be noticed during 
a drought in summer, when the air is filled with dry exhalations. 

639. If we examine the solar spectrum when thrown upon a white 
Isthesolar Screen through a telescope, it will be noticed that the 
spectrum band of colored light is not really continuous, but js 
continuous? traversed in the direction of its breadth by numerous 
Cark lines, varying in different parts in width and distinctness ; or, in 
other words, there are interruptions in the spectrum, where there is no 
light of any color. In the frontispiece are represented the most con. 
spicuous of these dark lines. 3 

Attention was first called to the existence of these lines by Dr. 
What ace Wollaston, an English physicist, as far back as the year 
Fraunhofer’s 1802; but no special investigation was made of them 
lines? until 1814, when Fraunhofer, a celebrated German opti- 
cian, mapped them out to the number of five hundred and seventy-six, 
and designated the more conspicuous ones by the letters of the alpha- 
bet. Many of these lines are as fine as the finest spider’s web, so that, 
although existing in great numbers, they occupy but a small portion of 
the whole area of the spectrum. Fraunhofer also. first ascertained 
that these lines are always present in every kind of sunlight; that 
moonlight, as well as the light of the planet Venus, exhibited them, as 


MCdiate 
rom the 


S 
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did also the light emanating from the fixed stars; but that in the a 
ase the lines were sometimes different from those which characterize 
ee light of the sun, the moon, and the planets. He therefore came to 
the remarkable conclusion that whatever produced these dark lines — 
and he had no idea of the cause — was sometning which was acting be- 
ond and: entirely outside of our atmosphere. : Interesting, however, as 
oe these discoveries, they were not at the time further investigated ; 
and the phenomena involved continued for many years to be recorded un- 
der the name of “ Fraunhofer’s lines,” as simply curious scientific facts. 

In 1861, however, mainly through the investigations of two German 
chemists, Bunsen and Kirchhoff, it was discovered that What prop- 
the constitution and appearance of each spectrum depend ony Delonge 
upon the nature of the substance emitting the light we ore een 
which the spectrum is formed; and that to each sub- stetncAte 
stance, when luminous in a gaseous form, there corre- 
sponds a peculiar spectrum, which belongs to that particular paces 
Thus, for example, the light emanating from the incandescent vapor 0) 
the element potassium (the metal basis of the allali potash) aa 
spectrum crossed by two very characteristic lines, one red and t e 
other violet; sodium (the metal basis of the alkali soda), under similar 
circumstances, gives a spectrum characterized bya yellow line, remark- 
able for its well-defined form and extraordinary brightness (Plate I, 3); 
the spectrum of the metal lithium is characterized by a well-marked 


- yed line, and by a feebler orange line (Plate I., 4); the spectrum fur- 


nished by incandescent oxygen is shown in Plate ie, 5; calcium ane 
metal basis of lime) exhibits greew and orange lines; iron, a large 
number of fine red lines; and so on: each elementary substance giv- 
ing a characteristic spectrum of this nature, which is as re to one 
familiar with the subject, as its name written in ordinary words would 
be. The lines characteristic to each elementary substance, moreover, 
continue distinct, and maintain their relative positions, even when a 
spectrum is formed from the light proceeding from many incandescent 


vapors mingled together, i.e., as one common flame. 


640. In order to facilitate the examination of the 


spectra of different substances, an instru- |. 
ment has been devised, which is called the spectro- 


: . scope ? 
spectroscope, the construction of which, 


represented in Fig. 259, is as follows :— 


7 















































































































































































































































































































































































































































374 NATURAL PHILOSOPHY. 


ae aa es nee upon an upright stand; aud three tubes A 
ae ee a : same stand, and directed towards the 2) 
Ba. € spectrum is to be examined is vaporized ; a 
; ; the light passes through a series of lenses in th bye 
ees by the prism, and forms an image of the ie ee 
e as Soe ae A, where it may be ckamiriea 1 aa 
Ge, ie me e tube C is a graduated scale, whose image eS 
fheaineen € prism, thus aiding to fix the relative posit ES 
n the spectrum. 10n of 


(641. since each elementary substance gives an 
eras invariable combination of lines in its spec- 


spectrum 


aed trum peculiar to itself, it follows that when 
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ation to recognize at once, and with great accuracy, 
from the form of the spectrum which a body of 
unknown constitution presents, the different elemen- 
tary substances of which it is composed. In short, 
this discovery, now known as “spectrum analysis,” 
at once established a new method of analyzing sub- 
stances into their constituent elements by means of 


the spectra which these substances give when in a 


state of incandescent vapor, and placed in the hands 
of the chemist a new instrument for analyzing, in 
addition to re-agents and precipitates, scales and 
crucibles. 


The following illustration will convey some idea of the extreme 
delicacy of this method of analysis. If a pound of com- |. 
mon salt be divided into 450,000 equal parts, the weight ove pera 
of one of these parts is called a milligramme. The delicacy of 
chemist, with special skill and the most delicate scales, the method 

i : ; of spectrum 
can determine accurately the weight of such a particle; analysis. 
but in so doing he approaches the limit of his power in 
detecting, by chemical means, the presence of sodium, the chief ele- 
ment in.common salt. But, if this small milligramme be now divided 
‘nto three million parts, we arrive at a particle so minute that all power 
of discerning it fails, even with the aid of the microscope or the most 
delicate tests of the chemists; and yet, if such a particle be vaporized 
and made incandescent in a flame, the spectrum produced from the 
rays of light proceeding from it will be crossed by the bright yellow 
line which is the unfailing sign of the presence of the element sodium. 

642. It was natural to expect that the application of so sensitive 
means of investigation, from which no known substance what new 
can escape, would soon lead to other startling discove- metals have 


ries; and this expectation was almost immediately real- ete ea 
overe 









































































































































the spectra of the different elements have zed. For Bunsen and Kirchhoff, in testing through the through 


been determined, once for all by reviou “= spectroscope the residuum obtained by evaporating the spectrum 

P x S researches, a waters of a mineral-spring at Durkheim in Germany, at analysis? 
once noticed certain lines in the spectrum which could not be referred 
to the presence of any then known elements. They accordingly sus- 











a have been recorded in maps, or impressed upon 
€ memory, it becomes easy in any future investi- 
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pected the presence of some one or m 
and most careful chemical analysis utt 
ferring, however, that the trouble wa 

sis, but rather in the circumstance a 
was suspected were so Sparingly dist ; 
with other substances, that nea : 


use could not distinguish them, the 
water to dryness; 


ore new elements; } q 
erly failed to isolate Nt Tenewer 
not in the new metho ale if 
vee 7 ments whose cs : 2 
nature, or so Stenee 
perfect chemical tests hithe! 
tai and, from the i oo eee forty-four tons - in 
ained, two new elements ge quantity of residy) of the 
alonce ee ues Were separated, in quantiti ™m thus gi 
Macha See pane and examined ; namely a : 
blue! and ved. tines tans red), So called on account of il 
other new elementary bo ae in their spectra, Subse iesPectivg . 
through the aid of the Beet tae and indium, were ciscovalll 
‘ edi 


ek seo! 
43. But all the brilliant and astounding result 
S 


What results analysis has furnished in the 


ha 1 

ice oe have been far surpassed by the gj 
Be oleaica ich have been made through its a ~ di 
of spectrum arent ot astronomy. By TG ey aa 
analysis to tion the astronomer c 1s of the law 


theeniaear: = an calculate the orhite 
tha teav uty i ee etre their weight and ace of the — 
bodies ? urn and courses of » Predict 4 
comets, and, thro the — 

ugh the i q 


the telesc E § 
nand s a Know something in respect to th oe 
u : a 
a ee — ae of these bodies é physi. 
nebulz, however : > oncern 
Owlng t . 3 
c 2 g to the a. 
even yet mor ee ae separated from our earth Immense dis. 
= Imite and n ° ’ 
than cae ey ecessarily amou 
partial information in respect to he si oe 
size, 


thro IC 

ugh the ai Spectrum anal 

sun, the fixed stars, t a 

were, a ladder, on w ne 
i 


able 
the exact 


ufficient to 


Uu a 
m (cestng. a 
y 


which S 


Provinces of phy | 


Sics and — he - 
SCOVerjes i 

€ depart. q 

of gravita. q 


cal constitutio 
Ing the fixed 
tances by whi 


the various elementary substances ar 
case of the spectrum formed b 


~ emanating from the c 
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4 enon seemed almost hopeless; but Kirchhoff was finally led to 

oP con of the problem by observing that many of the bright lines, 

tra furnished by the incandescent vapors of the elements, 
exact position of the dark lines of the solar spectrum. 
dence may be seen by prolonging the dark lines of the 
m shown in the frontispiece, so as to intersect the spectra 
tary substances also there depicted. This coincidence 
etermined to be invariable, and not the result of accl- 
 . Kirchhoff was Jed to the conclusion that various substances must 
’. the sun in a state of incandescent vapors. But he was unable 
* a Rin why in the laboratory the luminous vapor of a given element 
eo a give bright lines in its spectrum, and in the sun dark lines, until 
Pe discovered that ifthe light from a flame colored by sodium-vapor 
Bie passed through a tube containing sodium-vapor, no bright line will 
"appear in its spectrum, but in the piace of the usual yellow line a 
plack line will be seen. On continuing his experiments he found that 
q the same phenomenon occurred with other substances when their light 
as passed through their own vapor; and was thus enabled to lay 
- down the law, that each body is opaque to such rays as It would itself 
a emit when sncandescent ; or, in other words, that radiation and absorp- 
"tion are equal, and a body will absorb with great energy precisely 

" those rays which it radiates when incandescent. 

As an inference from this law, the sun is believed to be an incan- 

7 desceut globe, enveloped in an atmosphere of flame, composed of the 

" Gntensely heated vapors of many of the elementary substances occul- 

which vapors in turn cut off those rays of light 

entral luminous sphere which they themselves 
emit, and that the fact of this absorption is indicated by the presence 

- of dark in the place of bright lines in the solar spectrum. 

In like manner, through the aid of the spectroscope we are enabled 
to decompose the light of the fixed stars and nebule, and thus obtain 
their spectra in the same way as that of earthly luminous substances. 
And by careful comparison of these spectra with the well-known spectra 
of various terrestrial substances, it can be determined with almost 
mathematical accuracy, whether these same terrestrial substances do 
or do not exist in those heavenly bodies so far removed from the earth 


the elemen 


“a ring on the earth; * 


——— 


* The presence of the following elements has been thus demonstrated with certain- 
ty in the solar atmosphere: sodium, calcium, barium, magnesium, iron, chromium, 
nickel, copper, zinc, strontium, cadmium, cobalt, hydrogen, manganese, aluminium, 


and titanium. 
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that the li i 
ght received from the 
° m ° 
for its transmission. may have required millions of ; 
Many solution years 
S pos 
WEF aie ais 2a the PEO Denby. of absorbing and extinon: 
sbibiction a s of light passed through them Rates 
spectra ? & g Sorplion spectra. Plate I., 6 2 NUS Prods 
sorption spectrum obtai *y O, Tepresents the 
solution of chlorophyl ained by passing light . 
Rn eee TE » the green coloring-matter of ee 
aie r of absorption lines are found in the red. tl plants. 
parts. By an applicati ; , the ye 
blo 1on of this principle 
od may be tested, and adulterations in w;} eae oy 
may be detected. eae? 


644. Solar light, in addition to the luminous prj 
prin- 


What i : 

Sra ciple which produces the phenome 

are included color and 1S) th ee na of 
€ cause of vision, contaj 


insolarlight? two other IncI 
: principles, viz., h 
a | rin , Vlz., heat and 
ies the chemical principle. These principl ae 
| es 
ae le to the eye, and have only been di a 
y their effects on other bodies _ . 


The constituti 
on of the solar 
three sticks, o ray may be compared to a 
Hee cian ae one of which represents heat, another ]i bundle 
e actinic principle. , ner light, and a third 
We know that 
ae these three principles exist in every ray of 
How do we ght, because we are able to sepa sf ye Solar 
know that degree from each other. Thus a os them in.a great 
solar light : 1€ luminous princi 
contains passes readily through a transparent plate of ee 
eorcelpiin nearly all the heat is absorbed. C : alum, but 
ciples? bodileson the conte: - Certain dark-colored 
See ae rary, allow nearly all the heat to pass 
the light and heat of the ee ee nearly all 
to pass freely ; while a yell = 2 ray, but allows the chemical principle 
abe W glass allows light 
tructs the passage of the chemical ae and heat to pass, but 


im gh a 
large 
llow, and i 
Ity of hum 

beer, and other liquil 


Wh 
en we decompose a ray of solar light by means 


Ho of a prism Ww 

How are the : prism, and throw the spectrum upon 

Shas screen, the ]Juminous, the calorific d 
, an 


light affectea the ini rat; 
sees ae actinic radiations will each assume a 
Mer it] : 
ent position. All will be refracted 


% 


by passing th 


LIGHT. | 379 


rough the prism, but in different 


degrees. 
m and relative inten- 


Fig. 260 shows the distribution in the spectru 


sities of these three principles. 


DARK HEAT RAYS CHEMICAL RAYS 


r heat radiations, will be refracted least, and their 


d but slightly thrown out of the right line 
been intercepted 


on each side 


The calorific, 0 


mum point will be foun 
would have traversed had it not 


diminishes with much regularity 


maxi 
which the solar ray 
by the prism. The heat 
of this line. 

The luminous radi 
tion; their point of maximum 
considerably above the point of 
on each side of it, producing orange, 
maximum point, and green, blue, and violet above it. 

The radiations which produce chemical action are more refrangible 
than either the calorific or luminous radiations; and the maximum of 
chemical power is found at that point of the spectrum where light is 
feeble, and where scarcely any heat can be detected. 

645. The positions in the spectrum of the heat and actinic radia- 
tions, which are invisible to the eye, may be found by experiment. 
Thus, if we place a delicate thermometer in the different rays of the 
it will be found that the indigo and violet rays scarcely affect 
ellow ray, which is the most Juminous, is inferior in 
which, yielding but little light, possesses 

If now the thermometer be carried a 


little below and just’ out of the red ray, snto the darkened space, it will 
exhibit the greatest increase in temperature, thus proving the presence 
of a heating ray in solar light, independent of the luminous ray. 


ations are subject to a greater degree of refrac- 
intensity being in the yellow ray, lying 
greatest heat. The light diminishes 
red, and crimson colors below the 


spectrum, 
it at all, while the y 
heating action to the red ray, 
the greatest amount of heat. 






























































































































































































































































































































































































































































































































































































































































380 NATURAL PHILOSOPHY. 


Those rays of solar light which are le 
visible colored rays of the spectrum hav 
heat coming from bodies of a lower t 


Such heat is much less refrangible than red light; but, if the tempera, 
ture of the radiating body be increased, it emits, in addition to the rays 
previously emitted, others of a higher refrangibility, until at last Some 
few of its rays become as refrangible as the least refrangible rays of 
light. The body then appears of the same color as the least refrangj. 
ble rays of light, and is said to be red hot. If it be heated More, it 
emits, in addition to the red, still more refrangible rays, viz., orange ; 


then (at a higher temperature) yellow rays are added, and so On, unti] 
when the body is white hot it e > and in 
some instances ( Ca] Tays 

> 
quantity 


ss refrangible than an 


€ all the properties of radiant 
emperature than 800° # ahrenhejt 


Y Of the 


even the invisible chemi 


being such that it can Pp 


in théssame way 
as the ear can appreciat 


pid than Sixteen 
e less rapid. | 
646. By exposing-to the action of the chemical rays a piece of Paper 
moistened with sul phate of quinine, their existence may be Proved, for | 
the paper becomes tinged with a beautiful Sky-blue color. This is due | 


ate of/quinine has the Property of changing the 
the rays beyond the violet. into Slower vibrations, 


and thus rendering the non-luminous rays visible. This phenomenon 


is called fluoresence 


The study of the chemical principle contained in ¢ 


he rays of solar 
What curi- light has rendered probable the curious 


fact that no sub. 
ousfacthas stance can be exposed to the sun’s rays without under- 
the study of 


Gs eee going a chemical change ; and from humerous examples 
principle it would seem that the changes in the molecular condi- 
of light _ tion of bodies, which sunlight effects during the daytime, 
evolved? are made up during the hours of night, when the action 
is no longer influencing them. Thus darkness appears to be essential to 
the healthy condition of al] organized and unorganized forms of matter. 


U hat 
ae as 647. The process of forming photograph- 


duction of  1C pictures depends solely upon the actinic 
Photographic ° S 
nies P or chemical] influence of the solar ray. 


depend ? The term “ Photography,” signifying light-drawing, 


_~<tion, and non 


SI 
LIGHT. 3 
ss unfortunate and ill- 


iv is art : 
s the general name given to thi ’ Mate ia predubine 


for not only does light not exercise any in 
fe) 

: m. Wecats 
put it tends to destroy ther ei hotographic pic 
tial steps of the process of forming a Pp 
ing a suitable surface of metal OF wypat are 

aoe : es, — usually com- the essen- 

‘th some chemical substances, ca .q.__ tial steps of 
Biacs: With Iver with iodine, bromine, and nitric acid, —~ |y— Aneeees 
5 Os hemical change and grow dark ¢¢ produ- 
dergo ac is then cing a photo- 

The plate is tn 
of the solar ray. --‘ptaphie 
formed by the lens of a camera picture 
light and actinism 


which i 
chosen ; 
the pictures, 

The essen 
ture consist i 


ound : 
which rapidly un 
ander the action 
| dlp tity of 
latively the quantity ; lights and 

ae hori any object are the same: therefore, as oe eSatahe 

i 7 rer 
Bows of the luminous image vary, SO ve na PAR 
sha - nd the result w 5 

the plate vary, a kening the 
a ae ee lights and shadows; the ae dar & 
nature, W1 5 -e jt white or unaltered. 

. ws preserve ) ; ai 
ee ie left without further care, the aS ee 
ere le sensitive surface would darken uniform y 
f lights and shades. To ion: ae 
ufficient length of time in the 


plate, Ww 
Tf the surface w 


soon fade away, or the who 
and so destroy all contrasts © 


: S 
: ing been exposed a ; reated 

the plate, after ae ee a darkened room, and there washed and t 

is remove 


; : h of the 
n other chemical agents which dissolve ihe ae light, 
ti tine as has been left unchanged by pace : h is merely a 
SE ele d make permanent the picture ; which 1s eas 
and so oP a d shades, and destitute of color. ee a ie the 
contrast of lights an hotograph, or reproduce and fix, the colors ne 
eee ee: - i efforts to accomplish this have been aes ie 
That th 


i xperiment ne 
photographic process, may be proved by the ex] What exp 


his t shows 
f taking a daguerreotype Dee Babee ee nae light is 
aaa ; llowing manner: , 
/ ished in the following notn 
can be accomplis 


. ‘ny upon a lens fitted in sary for 
rismatic spectrum 1S thrown ut inic power resides production of 
sid of a dark chamber; and as the eae where a2 photo- 
side s he violet ray, W ; 
ae flak ane ae rays allowed to pass the lens voouit? 
re is no hg t, the ‘mit of colora- 

ae the chamber are those beyond the limit 
is luminous: these are directe 


camera, 
with certal 


d upon any object, and from 
ive photographic surface. In 


: ighly sensit 
Bee ebject radiated spore cas radiations which produce no 


this way a picture may be formed by 
effect upon the eye. 







































































































































































































































































































































































































































































































































































































































































































































































382 NATURAL PHILOSOPHY. 


648. There are many reasons for supposin 


What influ. Principles, light, he 
ence do the 


g that each of 
at, and actinism, included in 
ray, exercises a distinct and peculiar influence y 
Pitce PrACI> tation. Thus the luminous Principle controls t 
ples of the 


solar ray and coloration of plants, the. calorific 
exert on 


and the chemica] 
. vegetation ? 


the germination of seeds. Seeds which ordi; 
quire ten or twelve days for germination w 


ill germinate und 
glass in two or three. The reason of this is, that the blue 


mits the chemica] Principle of light to pass freely, but exclude 

great measure, the heat and the light. On the contrary, it is nearly 
impossible to make seeds germinate under a yellow glass, because it 
excludes nearly all the chemical Influence of the solar ray. 


cr a Dlue 


S, in a 


SECTION Iv. . 
INTERFERENCE OF LIGHT. 
649. As two sets of sound-waves or vibr 


Canwaves may so combine as to modify 
of light be 


ations 


or destroy 
eae each other, and thus produce partial or 


interfere? total silence, so two waves or vibrations of 


light may be made to interfere and produce various 
colors, or entire darkness, 


If we stand at the junction of two streams of water, 
noticed that when the waves from each meet ij 

How may - : : ; 
the ines. state of vibration, the resulting wave will b 


it will be 
1 the same 
€ equal to 
3; if, however, one wave is half an 
he other, the crest of one will meet 
her, and comparatively smooth water 
So if two pencil-rays of light, radi- 
reach a point of interference at the same degree 
of elevation, a spot of double the luminous intensity of either will be 
produced ; but, if one is half a vibration behi 
will be, that a dark instead of a ]i 


650. If a plano-convex lens, 


ference the two combined 
of light 


A undulation behind t 
roauce 
ee. ? the hollow of the ot 


will be the result. 
ating from two points, 


nd the other, the result 
ght spot will be apparent. 


of a long focus, be pressed upon a 





the three plane Pp 


the Solay 
pon Vege. 
he growth 
brinciple thejy 
ripening and fructification, Principle 
larily ye 


glass pe 


8 
LIGHT. 3 oe 


PP 
b>] 


example what are 
ht (light of the same kind), as for Newton’s 
rings? 


geneous lig 


9 £ 29 
S..455 ton’s rings, 
d colored rings, known as “New 


at the point 
poe fested, as shown in Fig. 261. In the center, 
9 


: e manl 
will b ig 
of contact, a black cir 

Je will occur, and after ae 
Cc ° as — VOWS WS 

suc QQ —"7u. 
that the coe ve d 
: and red. 
ely black 
cessiv : 
ircles are pro- 
Bae ae i f Fic. 261. 
duced by the intertfer- ; 


he waves of fall upon the upper 
ence of the V f light be caused to 
; Thus, if a ray of lig 
light. 


ted. The 
he lens, it is partly reflected ang pay ie ane sur- 
i eee through the lens strikes Rs through the 
refracte ae d back from such su ah 
beneath, and is reflecte Ae femner Oe ough t 
face If the retardation of eS ee. and nee amounts oe 
an 6 an even number of See es 
whole wave-length, ae Pe will be in accordance, and a brig S ae 
reflected and oe ane retardation amounts to an tae ane he 
ae Ca ae ine si will interfere, and neutralize or destroy 
ee. th ring will be occasioned. Pe einen 
a ing the thickness of the layers of air cae ites 
By eo that the thicknesses corresponding to e ieaeek 
a ae to the numbers ©, 2, 4,6. . .; while for big os 
Br Pe nuesss are proportional to the ua cee Phe 
Bee tise oe line the thickness daha oy ie of aiken 
or : ite light, the ring 
Sie ae 
ent colors, ac 


lens. 
jens, 4 


rays of bbe Nee ints of soap-bubbles, and thin plates of Sa 
es eae ee examples of the interference of How is Saas 

transparent aa, reflected from the first surface Pree 

Lae = Ha ele reflected from the second, and thus 

interfere w 


ence of light ? 
produce the various colors. 


| ight, and the bright 
ircles should be bright, 
: mbers, the dark circ ed on the ray 
: tie . Cees take into account only the effect produc 
dark. But these me 


b] 


> 


£ 


with facts. 
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384 NATURAL PHILOSOPRY, 


The varying play of colors exhibited by films of oil on the sy 
of water, and the iridescent appearance of mother-of- 
of fishes, and the wings of some insects, are all ph 
sulting from the interference of light. 

651. If sunlight be admitted into a darkened room b 
Explainthe 4Perture, such as a pin-hole, and allowed 
phenomenon screen, it will illuminate an area very much larger than 
i pea the size of the aperture. An opaque body Placed be. 

tween the aperture and the screen will not throw upon 
the screen a sharply defined shadow, 
shadow is formed which is surrounde 
When the object casting the shadow 
hair, the colored fringes occur likewise 


tface 
pearl, the Scales 


enomeng also re 


Wit very Smal] 
‘to fal] upon a 


as would be expected, but a 
d by three colored fringes, 
is long and very narrow, as a 
within the shadow. If light of 


SECTION V. 


BLE REFRACTION AND POLARIZATION: OF LIGHT. 
pou 


652 Double refraction is a property which certain 


nsparent substances possess, of causing wha “s 
“ m, double 
ray of light, in passing ey ae cou ie 
4 undergo two refractions ; that is, the 

tO 


ioht is divided into two separate rays. 
single ray of light is divide 





























one color be employed, as red 
red. 


In Fig. 262, L is the aperture, with a lens which ace in the study 


, the fringes are alternately black and 








mmon mineral, called “Iceland spar,” which is a re 
Bert ‘oi carbonate of lime, is a remarkable example of a bo J 
a e. 4 uble refracting properties. It is usually transparent a 
ben a its crystals, as shown in Fig. 265, have the geometrica 
| ct: rhomb, or rhomboid, this term being 
ied to a solid bounded by parallel faces, 1n- 
a d to each other at an angle of 105°. : a 
ee. manner in which a crystal of Iceland 
spar divides a ray of light into Ticeate the 
two separate portions is clearly pheneiencn 
shown in Fig. 263, in which S T 
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Fic. 262. 















































of these appearances: a is the edge of the object, and the screen is 
represented at 4. B is the front of the scre 


F - f ; refraction. 
en, and shows the fringes. represents a ray of light, falling 

This phenomenon is known as diffraction of light, and may be ex- 

plained on the same principle as was 


4 j ipon the surface of a crystal of Iceland ee ue 
employed in the case of New- @ ae E C, in a perpendicular direction. Instea + MIG) 263: 
ton’s rings, — the interference of light. 
On allowing light to pass throu 


of undergoing in its passage through ie Sa of glass, the ray is 

a single refraction, as when passing : ro a aT Galle ee 

openings arranged in regular order, divided into two separate rays. qT e one, as ot thelanelee OF 

These fringes may at times be seen obeys the law of single refraction, — that as sie ae 
looking at a lighted candle BARONS i eacace and refraction bear a constant ratio to ea 

or by looking at some luminous o ee 

In the latter case, the fibers form t 


T P, called the extraordinary ray, is refracted to a greater de- 
m4 a d only in particular positions does it follow this law. ae 

method of producing such fringes is by allowing light to pass through q a Ee on examining an object by means of a double refracting cry 

a glass on which are ruled, with a diamond-point, a large number of 

very fine lines. Where the lines occur, the glass is opaque; and, from 


; ble 
; : f the object, so that a dou 

will produce an image 0 : : 2 tal 

oe < ea a perceived. In Fig. 264, this result is ec a a - 

a : 

the interference of the waves of light passing between the lines, fringes oe ed being a plate of Iceland spar. On turning fie shen. 
will result. raed he extraordinary ray will revolve roun 

image produced by the 


1 her sub- 
while the latter remains stationary. Crystals of many ot 

























































































gh a large number of very small 
colored fringes will be produced, 
by nearly closing the eyelids, and 
h the grating formed by the lashes, 
bject through a piece of thin cloth. 
he grating. But the most common 











































































































































































































































































































































































































































































































































































































































































































































































































































































































380 NATURAL PHILOSOPHY, 


stances, such as mica, topaz, gypsum, &c., possess the 


. double refraction, but not in so remarkable a degree as Ice Property of 


land spar. 
eeeas are In al] 
refraction ? » there 
are One or 
more directions along 
which objects when 
viewed through them 
appear single; these qj. 
So oe rections are termed the 
Fee eee ae or axes, of double 

refraction. 

of Iceland spar, there is one axis of double ees hon ea 
tion along which objects when viewed appear soalel thisyie ae 
direction of the line a 4, Fig. 265, which joins the two obtuse th : 
hy angles. If the summits @ and é be ground down and nation 
ie oe refraction will occur in looking through the crystal in ne 

654. In a double refracting medium, the ether included between its 
aoe Fe molecules, owing to a 
isthe pee certain arrangement of 
nomares these molecules, is Sup- 
cet ane posed to possess differ- 
due? ent degrees of elasticity 

in different directions. 
In consequence of this difference in 
elasticity, each wave of light is divided 
Into two, which, possessing different 
velocities, are therefore refracted at different angles. / 

That it is owing to the molecular arrangements of the medium, is 
shown by the fact that water is incapable of producing double reine 
tion; but, when crystallized into ice, it divides the light into two ra 
and occasions the phenomena. ” 























655. When a ray of light has been reflected from 
oa the surface of a body under certain special 
polarized conditions, or transmitted through certain 


light ? 
| transparent crystals, it undergoes a re- 


LIGHT. 387 


markable change in its properties, so that it is no 
jonger reflected and refracted as before. Mire etiect 
thus produced upon it has been called polarization, 
and the ray or rays of light thus affected are said to 


be polarized. 


The phenomenon of polarized light was discovered in 1808, by 


Malus, a young engineer-officer of Paris. On one occa- ; 
Explain the 


sion, as he was viewing through a’ double refracting discovery 


prism of Iceland spar the light of the sun reflected from and phe- 
a glass window in one of the French palaces, he ob- 2omena of 
served some very peculiar effects. The window acci- at as 
dentally stood open like a door on its hinges at an angle 
Of 54°, and Malus noticed that the light reflected from this angle was 
entirely altered in its character. 

The construction of an instrument for polarizing light, called a 

f polariscope, is shown in Fig. 266. In this, A 

and B are two mirrors, capable of being inclined 
to one another at any angle. The mirror B can 
also be turned by means of the circles C C. If 
we allow a ray of light reflected from the mirror 
A, at an angle of about 54°, to fall upon the mir- 
ror B, and then be reflected at the same angie 
on to a screen, it will be found that, as the mir- 
ror B turns on the circles C C, the light will be 
so altered in its degree of intensity, that it will 
have’ points where it is very bright, and others 
where it will entirely disappear. It is thus 
proved that light 
refiected from _ {iim 
glass at an angle 
of about 54° has 
undergone some 
peculiar modification, or, as it has been 
termed, has become polarized. 

656. Certain minerals, especially Fic. 267. Me. ACR. 
those called “tourmalines,” have the 
property of polarizing a ray of light transmitted through them. 
If a ray of light be caused to pass through two thin plates of tour- 


Fic. 266. 
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maline, placed symmetrically as regards their axes, it passes through 9 a ‘ 6 P 2. Light is polarized by reflection from many 


both without difficulty, but will be slightly colored (Fig. 26 : 

3 g- 267). On th ances, such as glass, water, Isligh 
other hand, if one of the plates be turned a quarter round, the light 2 7 } different subst Dy $ ’ ) nolarived BY 
will be totally cut off (Fig. 268). | . @ air, ebony, mother-of-pearl, surfaces Of reftection 


: : f ther 
657. According to the undulatory theory, the dif. crystals, &c., provided that the Tieht tals ee tances 
/ ‘— t a certain angle peculiar to each surface. than glass? 
A 2 poet ference ee 7 - |: le is called the polarizing angle 
larizati _ 1 : 
erin «<COMMON and — oo 


explained? polarized light 4 : Since the discovery of polarized light, its principles have been 


may be explained hy sup- - _ applied to the determination of pap practical results. ike 
- | Thus it has been found that all reflected light -come: -- eerie 


1 1 P “4 5 ° ° e . 
posing that, in common -— - from whence it may, acquires certain properties which practical 


light, the vibration 4 een act Hight: and the aPPlications 
sft, ons of the 3 4 enable us to distinguish it from direct light; an e ee aolateed 


ether which produce it take : : astronomer, in this way, is enabled to determine with light? 


place in ever ossible direction infallible precision whether the light he is gazing on . 
fal Dare ee | (and which may have required hundreds of years to pass from, its 


path of the r ay; but in polarized light they take | a | . source to the eye) is inherent in the luminous body itself, or is derived 
place In only one direction, or are all in one plane . j q from some other source by reflection. It has been also ascertained 
(F ig. 269, A and B). > q that light proceeding from incandescent bodies, as red-hot iron, glass, 
> 7 and liquids, under a certain angle, is polarized light; but that light 
Thus, in the passage of a ray of light through the plate of tourma- 4 proceeding, under the same circumstances, from an inflamed gaseous 
a 2 ony. ie sebsot : / : = substance, such as is used in street-illumination, is always in a natural 
ee ee - Cae ; @ state, or unpolarized. Applying these principles to the sun, Arago, a 
ec a aa ee . 4 French philosopher, discovered that the light-giving substance of this 
270, while the others TT | e L luminary was of the nature of a gas, and not a red-hot solid or liquid 
ioe te pest S|) A" 












































Fic. 269. 










































































































































































\ 


| 


lansaueted tay,/hay- iD a ‘4 , | In a similar manner the chemist is able to determine, by the man- 
ame all ats vibrations y / | ner in which light is reflected or polarized by a crystallized body, 
ante dineetlonyricad:  — uN . 4 whether it has been adulterated by the addition of foreign substances. 
lly passes through a \ @ Fo | When we transmit light, whether common or polarized, through a 
second Bite Om tour = a poe Sw ae piece of well-annealed glass, it suffers no change, and we see no struc- 
Dee ee tuetural . | = - | ture in the glass different from what we would see if we looked through 
epee otwinel: | pure water. But if we make heat pass through the glass by placing 
1S symmetrical with S| the edge of the plate upon a heated iron, or if we either bend or com- 
that of the first; but, if this arrangement be altered by turning the i press the glass by mechanical force, its structure, or the mechanical 
plate partially round, the vibrations are intercepted, In the same 4 condition of its particles, will be changed. If we now transmit common 
eons? 8 sheet of paper, B, Fig. 270, may be slipped through a grat- a light through the glass thus changed, the change will not be visible ; 
Ing, A, its plane coinciding with the length of the bars; but can no a but if we transmit polarized light through it, and allow that light to be 
longer go through when the plane of the bars is turned, as at C,a 4 reflected from a transparent body at an angle of about 56°, and in a 
quarter round. - a plane at right angles to that in which the common light was reflected 
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since, in the first case, the rays which proceed from any 


see the ne a a large one ; : 
Sing o- q articular part of the object fall only upon the corresponding part of 








and polarized, the observer, looking through the glass, will 
ae brilliant colors, indicating the effects of the one 
ke forces, or of the contracting or expanding cause nares : 
of compression or dilatation, of expansion or contracti ae degree aE _ tne images and are not scattered indiscriminately over the whole pic- 
cated by the colors displayed at particular parts of acne being ind. a eure, 28 they would be if the aperture were larger. 

wa : ass. ys + ? 
Me a light enables us to discover that ones 1m this 
eee ave been subjected to certain mechanical forces, the 10nS of g 
Gs must be sought for in the circumstances under wien ae of 
Ae gancne formed, or in which it has been oiler body 
vee : : this principle, many bodies which are quite trans quently 
ie ie Sia which upon examination appear to be perfectl fa an 

mogeneous in structure, exhibit, under polarized lig] eee 
exquisite organization.* ght, the most 4 | 
659. Man . oo URNA 

; 59+ y crystals, when viewed by polarized light, exhibit r; P | fen NAS af 

of various designs, and of the most gorgeous col eae ne Eee 

Cc ; ; . 

Iceland spar, and arragonite, are exampl f oloring. Selenite, ‘ | Fic. 271. 

common method of viewing ae oe Fs eS) such crystals. The oo ; 

Pie IM Silico cham ele cane : i Soe light on such crys- 7. a If, in the place of the room with an aperture In the 

es of tourmali _ ‘ i = 1 

eee crite Votre hela eee cat rmaline. When the 7 : stitute 4 dark box, with a double-convex lens fitted into meeeunece 

ioreditines seo ode gles to one another, a series of - q one side, a picture will be formed on the opposite side construction 

produced, traversed by a black cross (Plate I., 7 anq q a of the box, or upon a screen placed at the focal distance of the 


Sys If the a e 
xes, however, are made parallel, the rings have colors of the lens. pituercte 


° ° . e t 
complementary to thes This picture will represent, with great oy cura. 
y e they had at first, and a white cross appears) beauty and distinctness, 
/ 


instead of the black whatever is in front of the lens, 
all the objects having their proper relations of light and shadow, and 
their proper colors. Such 


an apparatus is called a Camera- Obscura. 
Fig. 272 represents t 


x & he ordinary construction of the camera- 
SECTION VI. es 4 obscura. It consists of a wooden rectangular box, into which the rays 
i of the light penetrate through a 
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shutter, we sub- 







































































































































































convex lens placed at the termination 


THE EYE, AND THE . 

PHENOME a . : : 
ae NA OF VISION. . ’ 4 of the tube B. These rays, if unobstructed, will form an image upon 
. If we ae a small aperture through the shutter of a darkened - ; 4 the opposite side of the box, O; but if they are receivéd upon a mir- 
If an opening '°°™ the images of external objects will be pict q » ror, M, inclined at an angle of 45°, their direction is changed, and the 
be made in indistinct] i : © GRictares g 7 i i 
aa ied sean y, and in an inverted position, upon the oppo _ image will be formed upon a screen, OF plate of ground-glass, N, 
gunna site wall. ‘The reason of this will appear evident ae = placed at the top of the box. By placing upon this screen a sheet of 
ber, how S Inspection of Fig. 271. It will be seen that the rays 4 y tracing-paper, the outlines of the image may be readily copied. Such 
willimages Of light diverging from the top and bottom of the Aen ; a 4 a modification of the camera is very convenient for artists and trav- 

==. elers in sketching landscapes, &c. 


of external cr : 
‘ Os : 
Shee be s each other in passing through the aperture, and 


represented ? 





















































































































































































































































See form an inverted image. This image is ee 
ndered m isti : ; _ 
ore distinct with a small aperture than with -_ @ Za t oe the ee ee - How/G0cs 
. @ the eye in man and the igher animals the cvé 








resemble 

















* The phenomena of polari i 
d ; . 
extent on experimental lust ae sent Baik abstruse, and depend to so great an 4 -_ : 
stration for their proper comprehension, that an extended 4 ; is the same as that of the camera-obscura, the camera- 

obscura? 


description of them in an elementary work is impossible - -@ 2 . 
> being simply a double-convex lens, fitted 
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into one side of a spherical chamber, thr 
the rays of light pass to form an inver 

upon the back of the chamber. 
In man, the organs of vision consist of two 


ree spheres, each about an inch in dia 
the general 








= 4 Fig. 273 shows the structure of the eye. CG easooets nee 
ough Which -_ «= ° ae tough membrane, to which the muscles iad Sake has 
° Ss a is ; . the eye, and c 
i — . @ a Be cartacs of the etal lea tae circular openings, one 
| aan .. end Fe orher 
hollow. @ a= nd the eye. The 
Meter, 


lear 
] e ° ° 3 cor! ae 
stctire ce. Hule@ with: certain transparent liquids, and Me evansparent co 


the eye deposited in cavities of suitable Magnitude 4q which forms the front 


| | a 
in man i and form, in the upper part of the front of Bm of the eee he 
the head, on each side of the nose, _ 4 se fo 
which covers the in- 
ner surface of the 
sclerotic coat. It is 
covered on the inte- 
rior with a black pig- 
\= ment, which serves 
| a to absorb the rays 

| 


Bara al ——= Wwe - q of light which enter 
| | | | | | GY j All oe i E 

Yi Ge, }Y(if 2 

AT 






































































































































FIG. 273. 


















































; ‘ ; 
the eye The retina, #z, formed by the expansion of the ae ie - 
: e e e | . e O 
1 i f brane which lines the inner surfac 
*< a delicate, transparent mem a 
Sh oid Beat Behind the cornea is a flat circular membrane ne 
a | in di black, blue, or gray color. 
iri i rent eyes is of a ; i 
s.¢ ad, which in differen : 
fe Rievced in the center by the pupil, a circular black Le ae 
° e Ss < 
Be the light is admitted into the interior of the eye. The cry 
(IEEE T EEL LIER Ly a 
PTT TUT MTT TTT immnin 


q i | ine lens, 4 is a colorless and perfectly transparent humor, inclosed by 
| TT | 4 he Ga 
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© lens. Between. the crystalline 
haped like a double. convex yeen 
5 oe ae cornea is a Space filled with a fluid eee eee 
1 ’ 
ae and therefore called the aqueous humor, be. a ie f i. 
2 d Beapyine all the interior chamber of the eye, 1s a thick liq 
an 


4 r called the vitreous humor, %. 
The eye consists essentially of four coats, or mem- 


parts does S f? y 


. are refracted by the cor- 
theeye coat, the Cornea, and the Retina; and these a entering the ah lens, and made to con- by theorgans 
consists coats inclose three transparent liquids, oe nea and crysta i ee back of the eye, Selcenver 
called humors, —the Aqueous humor, the Vitreous me 62CSSCté‘iér'ge’:«éttOD A focus a situctichinaee auc objects? 
humor, and the Crystalline humor, the last of which . | and form an image upo on the optic nerve, 
has the form of a lens Se. { image, by producing a sensation up 
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How do we 
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the image is formed in the 














Fig. 275 represents the manner in which 


sighted person. 
dness is remedied either by holding the object nearer to 


conveys in some unknown way to the mind 
tion and knowledge of the externa] object 








2 percep, - 





aye of a neal 
Short-sighte 


the eyes Of bY Howis 
short-sight- 




















Fig. 274 Yepresents tp, 
ee In which the image b _ 
rmed upon the retina ; c 7 mploy- 
ee es me ou in the— nn the as Picts a easirenie 
of the cornea eG | = Bee lasses edie 
SIN 2 gs the 
crystalline fone i es ee a ich are concave lenses, 
Fic. 274. ficient to ie ‘iN i ae 276, In both cases the 
, . e€ lays of a 4 1g- : : 
Image, / /’, to converge to the right f light proceeding from the a yays proceeding from the ob- 
Sint tocus, mm, upon the retina : ject enter the eye with a greater degree of divergence, and therefore 
: do not converge so soon to a focus. 


Distinct vision can on y take place in the eve hted when, on 
] t ] 1 ’ E j 
inthe-eye Whew 4 | 1 665. A person is said to be far-sight pak 


When does the CO : 
distinct tea and crystalline lens have such 
account of a flattening Of the corned anes ere 
cause of far- 


vision take convexities as to brin f 
thei: - @ 
place ? proceeding from an = ays of light a he crystalline lens the rays of light do 
focus Uu ° O SCE to an -@xX 3 : phe y e er sightedness ? 
pon the retina. : aC a not converge sufficiently to form a distinct e 


















































































































































As the rays of 1i . 
on eo proceeding from distant objects enter th 4 image Upon the ee 

How is the lmerent angles, they wil € eye | . ; ‘tay 3 ; : ; ; 

Seanad diferent core ee 1 naturally tend to meet at . Fig. 277 represents the manner In which the image is formed in the 

to seeobjects thus form indisti ation by the crystalline lens and hen the cornea or crystalline lens 1s flattened. The perfect 

oe cay. ae en hr Inct Images. This is remedied by i Id be produced behind the retina, and of course beyond the 

en i eye pos : 5 t / 2 ebante 520 
disteeer> athicatonne? seek A p Sesses of adapting itself to the sary to secure distinct vision. 

Spin ae ght proceeding from various distance 

distant objects are all 1€ healthy eye rays coming from near 2 

of the retina. Th equally converged to a focus on the s ae 
; e : f ame i 

Seite aah oe eye effects this by increasing or diminishi a 

yh € crystalline lens and cornea inishing the 

| - q FiG. 277. 


664. A | 
person is said t 
O ° <j > 
Whatisthe the curva Hen nearsighted when . Long-sighted b 
at is the - > 4 ong-sightedness may be reme 
nee ture of the Ss cles, the glasses of which are convex lenses (Fig. 278). pzow may 
ne cornea and : 7 a 4 , These, by increasing the convergence of rays of light 1ong-sight- 
<i . % passing through them, bring them sooner to a focus in edness re, 
v. : = the eye, and thus produce thé image upon the right point saa 


crystalline lens is so oe Zz 
= _ { of the retina.* 


great that the 
rays of | 
light whi | og 
§ t which form the image ie * Birds of prey are enabled to adjust their eyes so as to see objects at a great dis- 
hes ge are brought t a 
erore they reach the . 5 Oa focus | 4 tance, and again those which are very near. The first 1s accomplished by means of a 
retina, or the back Par talot th bE muscle in the eye, which permits them to flatten the cornea by drawing back the 
C ;. crystalline lens ; and, to enable them to perceive distinctly very near objects, their 
eyes are furnished with a flexible bony rim, by which the cornea is thrown forward at 


eye. The obj 
ject therefore i rit | 
S not distinctly seen. I 
: will, and the eye thus rendered _neéar-sighted. 




















eye, W 
image wou 
point neces 
















































































































































































died by the employment of specta- 
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bye advanced age are troubled with long-sight 
See ee ee eee The reason of this is, hae 
ean a oe o the body becomes enfeebled, the ee the 
Len ; a sorbed, and in consequence of this Ors of 
eee ine lens shrink and become flattened. the Cornea 
of pcre ec defects of the eye, a person may have th | 
nerve, or ee Het destroyed by an injury or disease of _ 
The first of ee " a pees of the cystine 
second, which is called cataract, eee and is incurable 
The images formed by the rays of light oy the Stn te 
eae ES i ee therefore be asked, why all visible aa 
the retina Peak upside down. The explanation of oa “4 
are inverted, ous point, which has formed the subject of ie 
es Soa ae appears to be this: An object apne dis 
apeidouswen? en : is compared with some other oball 
RES GNE waneranas coe If all objects hold the same relatj ] 
iaoeeesesdccca ; See said to be inverted. Now, since al] aa 
sane peedon ie: tL e retina hold, with relation to each other ‘ie 
fab Sedaiete ie re fe Inverted with: respect to others; and, as a : 
Tope anae i ne es of vision, no one object of vision 
ae aye tiene be to any other object of vision; and cote 
ee a in the same position, that Position is cal] “a 
position. ) called the 


Optic 
lens, 
: the 


667. We judge of the distance and size of a 


How dowe Object by the relative direction of lines 


judge of th 
ieee. toa drawn from the object to the eye and by 
‘ by 


Te ae angle which the intersection of these 
Ines makes with the eye 
called the angle of vision. - ate eet 


The stt i BIA 
ch udent x bear In mind that an angle is simply the inclination 
oes ; e ae lines, without any regard to their length. Thus 
of vision. ae 1g. 279, the lines drawn from A and B, C and D, 
3 
en See ees may - supposed to represent rays of light meee 
: 2 an-angle at the poi . f a 
is the angle of vision. point of intersection. This angle 
lf A i : ; 
ee = Fig. 279, represent a man on a distant mountain, or o 
steeple, and C D a crow close by, the angle feened by a 


dnegs, q 


» the man appe 


Sense | . 
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c]ination of the lines proceeding from the two objects will be equal, 
a A B, which is the height of a man, will subtend the same 


or the line a 9 ° 
e as the line C D, which is the height of the crow; and therefore 


ngl 
gre ars at such a distance no larger than a crow. 


e nearer an object is to the eye, the greater must be the inclina- 
ines drawn from its extremities to intersect ys 0 is the 
n angle at the eye, and consequently the angle of vis- 
of vision. On the contrary, the ion affected 

° fe ° by distance? 
more remote an object is from the eye, the less will be 
the inclination of the lines, and the less the angle of vision. The 
bject is to the eye, therefore, the larger it will appear. 
e trees and houses far down a street or avenue appear 
and the size of a vessel seen at sea dimin- 
The moon, on account of its 


Th 
tion of the | 


and form 4 
greater will be its angle 


nearer an O 

Thus th 
smaller than those near by, 
ishes with the increase of distance. 
proximity, appears much larger than any of the stars or planets, 


although it is, in fact, very much smaller. 


668. The optic axis of the eye is a line What is the 
optic axis of 


drawn perpendicularly through the center the eye? 
of the cornea, and center of the eyeball. 
The reason why with two eyes we do not see dou- 


ble is, because the axis of both eyes 1S why witn 
faed to one point, and therefore the “037 do 
° . . A we not see 
same impression is made on the retina the same 
point of 


of each eye. an object 
double? 


Thus, if some small object be held between the eye 
and the eyes directed towards the objects 


of an observer and a window, 
of the 


the bars of the window will appear double, because the axes 
















































































































































































































































































































































































































































































































































































































































































































































































398 NATURAL PHILOSOPHY, 


eyes are not turned to them. If, on the other hand, the bars be 


at, the object will appear double. lookeg 


If 

some near object with the other, on at es Ne ne and look 
will for an instant appear double, because the axis of hee ae object 
ae Saale a short period of time to be turned to the ob = 
9. Dut the law of vision for visib] j is i 
from that for points. A visible object a See al ‘ee : 
single at the same instant of time; but the ie eyes ae 

cia es the remote parts of it in succession, and thus of 
ifferent distances of its parts. Any defect whi Slve 
prevent the two eyes from moving together conjointly, and ae a 
COn- 


verging their : ; 
ae g thei1 optic axes upon every point of an object in success; 
will be fatal to distinct vision. CesSion, 


ifferent 
be seen 
rge their 


In viewing an object, each eye sees an ima 
yest ey slightly differing from that seen by ie 
ple of the - other, A. book held edgewise at a Short 

p distance from the nose will appear dif 
ferently to the two eyes, the right eye seeing ihe 
back of the book and a part of 
the right cover, the left eye seeing 
the back and a part of the left 
cover. In using both eyes, the 
back of the book and parts of the 
two covers are seen, and the ob- 
ject appears solid. This principle 
1s used in the construction of the 
stereoscope. Two views, A and 
BF ig. 280, are taken of the same 
object as they would be seen by 
the two eyes, and thus differing 
she one oS On viewing 
such a pair of pi : 
oscope, the two lenses, E ee ao ie eraser eee, 
of light coming from A and B, that the views se 


LIGHT. | 399 


plended at C, and appear in relief, or as solid ob- 


jects. 
Double -vision may be produced by pressing 


slightly from the ‘side upon the ballsotveis a. 

either eye while viewing an object. The double vision 
be produced ? 

pressure of the finger prevents the ball of 

one eye from following the motion of the other; and, 

the axis of vision in each eye being rendered differ- 


ent, we see two images. 


Strabismus, or squinting, is caused by the inability of one eye to 
follow the motions of the other, and persons so affected always see 
double; practice, however, gives them power of attending to the sen- 
sation of only one eye at atime. It is from this inability of the eye to 
fix its optical axis, that drunkards see double. 


670. The eye possesses a limited power of accom- 


modating itself to various degrees of illu- Can the eye 
adapt itself 


mination. In the dark, the pupil of the ¢o degrees of 
eye enlarges its opening, and allows a, tiumination: 
greater number of rays to fall upon the retina: in 
the light, the pupil contracts in proportion to the 
intensity of the illumination, and diminishes the 
number of rays falling upon the retina. 


This change does not take place instantaneously. When we leave 
a brilliantly-illuminated apartment at night, and go into why, in 
the dark street, we are unable for a few moments to see going from 

thing distinctly. The reason of this is, that the the light into 

any thing distinctly. » the hee 
pupil of the eye, which has become contracted in the we find it 
light, is unable to collect sufficient rays from the objects eee at 
S Sante rst to see 
in the dark to see them distinctly. Inafew moments, 2. thing? 
however, the pupil dilates, allows more rays to pass 
through its aperture, and we see more distinctly. The reverse of this 


takes place when we go from the dark into the light. Cats, owls, and 
1 distinctly in the dark, because they 


some other animals, are able to see 
their eyes so as to collect 


have the power of enlarging the pupils of 
the scattered rays of light. 








































































































































































































































































































































































































































































































































































































































































































400 _ NATURAL PHILOSOPHY, 


Every impression made by light remains for a certain length a 
time on the retina of the eye, according to the intensity of its effects, 
and a measurable period is necessary to produce a sensation. 

We are unable, when riding rapidly on a railroad, to count the 
What facts Posts of an adjoining fence, because the light from each 
prove the post falls upon the eye in such rapid succession, that the 
continuance different images become confused and blended, and We 
cee ee - do not obtain a distinct vision of the particular parts, 
retina after If we rotate a stick, lighted at one end, somewhat 
the object rapidly, it seems to produce a complete circle of fire. 
cates a? The reason of this is, that the eye retains the image of 

any bright object for some little time after the object is 
withdrawn; and, as the light of the stick returns to each particular 
point of its path before the image previously formed has faded from 
the retina, it seems to form a complete circle of fire. 

This continuance of the impression of external objects on the retina 

Why is it after the light proceeding from them has ceased to act 
not dark is the reason also why we are not sensible of darkness 
when we when we wink. 
We Ss The apparent motion of certain colored figures in 
worsted-work, known by the name of the “ dancing mice,” is due to 
the fact that when the surface is moved in a particular direction, as 
from side to side, the impression of the color on the retina remains for 
an appreciable interval after the figures have moved, and this gives to 
them an apparent motion. This effect will not, however, take place 
unless the colors of the figures and the ground-work are very brilliant, 
and complementary of each other, as red upon a green ground. 


SECTION VII. 
OPTICAL INSTRUMENTS. 


671. The portable camera-obscura, such as is ordinarily used for 
Deseene photographic purposes, consists of a pair of achromatic 
the portable double-convex lenses, set in a brass mounting (see Fig. 
camera- 281) into a box consisting of two parts, one of which 
ohecuta. slides within the other. The total length of the box is 
adjusted to suit the focal distance of the lens. In the back of the box, 
which can be opened, there is a Square piece of ground-glass which 


LIGHT. AOI 


the images of the objects to which the lens is sures! ae 
t, the ground-glass 
ovable part of the box in or out, 
i be brought to the precise focus. The interior of 
the box is blackened all over, to extinguish any 


stray light. . 
The appearance of the camera as described 


is represented by Fig. 282. 


receives 
by slidin 


ieee 672. Spectacles consist of two 
or crystal lenses, of such a charac- What are 
s to remedy the defects of vision in a 
ct eyes, mounted in a frame, so as 


glass 
ter a 
imperte 


he eyes! 
iently supported before t : 
Be crtacles are of two kinds: namely, those with 


lass- What are 

aon o the two 
eS wh ich varieties of 

ify ob- spectacles? 
magni : 
jects, OF bring their u 
images nearer to the * 
eyes ; and those with 
concave glasses, which 


ee © ' 
diminish the apparen o, o s 
size of objects, or extend the limits of distinct vision. 


ive li se 
Some persons, in order to protect the eye from excessive eee = 
bl lasses as spectacles: they are, however, more mischievous : 
: a 
aa since they absorb different parts of the spectrum unequally, 
useful, 


nsmit the violet and blue rays. | 
Eo. A microscope is any instrument which mag: 
nifies the images of minute objects, and What isa 
enables us to see them with greater dis- Bs 
tinctness. This result is produced by enlarging . 
angle of vision under which the object is aes 
since the apparent magnitude of every body increa 
or diminishes with the size of this angle. 


Fic. 282. 



























































































































































































































































































































































































































































































































































































































































































































































402 NATURAL PHILOSOPHY. 


Microscopes are of two kinds, simpie and Com. 


What are pound. 
the two 


aa In the simple microscope, the Object 
macroseopes’ under examination is viewed directly 
3 : d 
either by a simple or compound converging lens, 
In the compound mj- 
croscope, an optica] 
Image of the object, 
produced upon an ep- 
larged scale, is thus 
viewed, 
The simple microscope js 
generally a simple convex lens 
in the focus of which the 


object to be examined is 
placed. Little spheres of glass, formed by melting glass threads in 


the flame of a candle, form very : 
powerful microscopes. (li, 
Fig. 283 represents the magni- Ps were 
fying principle of the microscope. ill SB 
7 —— (=F =/2=) 
An eye at E would see the arrow Al), gp» 
Cc 


Fic. 283. 


A B under the visual angle AE B; | H) | 


but, when the lens F F’ is inter- 
posed, it is seen under the visual 
angle at A’ E B/, and hence it ap- 
pears much enlarged, as shown in 
the image A/ B/. 

Fig. 284 represents a convenient 
mode of mounting a simple micro- = ht 
scope. A horizontal support, Capa- = —— SS 
ble of being elevated or depressed 
by means of ascrew and ratch-work, : | | 
D, sustains a double-convex lens, SSS 


S 
oo 


A. The object to be viewed is ——— = 


Fic. 284. 
placed upon a piece of glass, C, upon i eee 


a standard, B, immediately below the lens. As it is desirable that the 
object to be magnified should be strongly illuminated, a concave mir- 
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su 


upon the object. 
674. The compound microscope, in its most simple 


form, consists of two lenses, so arranged What is the 


i image construction 
that the second lens magnifies the imag pense 


formed by the first lens, or simple micro- compound 


i e? 
In this way the image of the “°°? 


ae and not the object 


object is examined by the eye, 
Pi. first of these lenses is called the object-glass, 
or objective, since it 1s always directed How are the 
immediately to the object, which 1s placed anes ote 
very near it; and the latter the eye-glass, Crore er 
or eye-piece, inasmuch as the eye of the 


observer is applied to it to view the magnified image 
of the object. 


Fig. 285 illustrates the magnifying principle of the one 
microscope. O represents the object-glass placed near the objec 


<A 


be viewed, A B, and G, the eye-glass placed near the eye of ie 
observer E. The object-glass, O, presents a magnified and inverted. 


a b, of the object at the focus of the eye-glass, G. The image 


image, G, is magnified 


thus formed, by means of the second lens or eye-glass, 
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and brought to the eye at E, so as to appear under the enlar 
angle, A’ E B’. If we suppose the object-glass, O, to have 
ing power of 25, — that is, if the image 
25 A B,—and the eye-glass, G, to have a Magni. 
fying power of 4, then the total magnifying Power 
of the microscope will be 4 X 25, or 100; that jg 
to say, the image will appear 100 times the x 
the object. 

Fig. 286 represents one form of mounting the 
lenses which compose a compound microscope, 
The tube, A, which contains in its Upper part the 
eye-glass, slides into another tube, B, in the bottom 
of which the object-glass is fixed; this last tube 
also moves up and down in the stand C, and ip 
this way the lenses in the tubes may be adjusted 
to the proper distance from each other and the 
object. M is a mirror for reflecting light upon the 
object, and S a support on which the object to 
be examined is placed. 


ged Visua] 
* Magnify, 











675. A telescope is any instrument 
which magnifies and ren- 
ders visible to the eye the 
images of distant objects. This result 
is effected in the same manner as in 
the microscope; viz., by enlarging the 
visual angle under which the objects 
aire “Seen. 

Telescopes are of two kinds, refracting telescopes 
How many and reflecting telescopes; the principle of 
tleseoges construction in both being the same as 
that of the compound microscope. 3 





Whatisa 
telescope ? 


Fic. 286. 


are there ? 


676. The refracting telescope consists essentially | 


of two convex lenses, the object-glass and 
the eye-glass. An inverted image of an 
object, as a star, is produced by the object- 
glass, and magnified by the eye-glass. 


Whatisa 
refracting 
telescope ? 


w 


LIGHT. 405 


the principle of construction of the astronomical 


ject- laced at the end of a tube, 
O is an object-glass plac Ais 


Fig: 287 represents 


i lescope. | 
tects the rays proceeding from a distant object, and 
pich ¢ 


image of the same at Q O’, in the focus of the eyeglass, G. 
Pe. image is magnified, and viewed by the eye at E. 
O 


Sie 


Fic. 287. 


class, or terrestrial telescope, differs 
oO 


escope only in an whatisa 
glass? 


677. A spy-s'3! as 
mical te 
... oe which enables the ** 


pserver to see the images of objects erect ae 
of ‘averted. This is effected by the addition ot two 
0 


ienses placed between the eye and the image. | 
; and the course of the rays of light, 


in Fig. 288. O is the object- 
: -glass, are represented in Fig. 2 
a ae eye-glasses, placed at distances from each ae 
; -s thr 
ei . double their focal length. The progress of the rays g 
equ 
M 


| 


adjustment of lenses, 


The arrangement of the lenses, 


Fic. 288. 


is the same as in the 
but the 


- C 
O, and the first eye glass, , is t | 
and an inverted image 1S formed ; 
which is viewed, therefore, in an 


the object-glass, 
astronomical telescope, 
second lens, L, reverses the image, . 
erect position by the last eyeglass, M. 


678. The common opera-glass, also called the 


ileo its in- What is the 
Galilean telescope, from Galile / construction 


consists of a single convex object- o¢ the opera- 


ventor, gic 


glass, and a concave eye-glass. 


























































































































































































































































































































































































































































































































































































































NATURAL PHILOSOPHY, 


Fig. 289 represents the construction of this form of tel 
Is a single convex object-glass, in the focus of which an iny 
of the object would be naturally formed, were it not for t 


€Scope, O 
erted ima A 


JN 


tc 


MS 


tion of the double-concave lens, E. This, receiving the convergin 


rays of light, causes them to diverge and enter the eye parallel, ang 
form an erect image. 


679. A reflecting telescope consists essentially of 
Whatisa % COnCave mirror, the image in which is 
reflecting magnified by means of a lens. The mir. 
eee. | for employed in reflecting telescopes jis 
made of polished metal, and is termed a speculum. 


The most common form of the reflecting telescope is that known as 
the Newtonian, 
represented in 
Fig. 290. It 
consists of ag 
large concave 
speculum, A B, 
set in one end 


of a tube, and a 
small plane mirror, C D, placed obliquely to the axis of the tube. The 


image of a distant object, formed by the speculum A B, is reflected 
by the mirror, C D, to a point m/ 2’, on the side of the tube, and is 
there viewed through an eye-glass, E. 

The largest reflecting telescope ever constructed is that made by 
Lord Rosse, and located at Parsonstown, in Ireland. ' Its external 
appearance and method of mounting is represented in F ig. 291. The 
diameter of the speculum is six feet, and its weight about four tons. 
The tube in which it is placed is of wood hooped with iron, 52 feet in 
length, and seven feet in diameter. Tt is counterpoised in every direc- 


407 


8 
2 feet long, and 4 
et distant, 7 rises or falls, or 


LIGHT. 


walls 24 fe ne 
ds on a platform w a 
alleries which draw out from uae eo, 
eld of vision; and 1 


distinctly observed by 


d moves between two 
h. The observer stan 
pon sliding 82 : 
mmands an immense 
s roo yards cube can be 
tance of 240,000 miles. 


tion, an 


et hig 
4 great elevation u 
a 


This telescope CO 
that objects as small a 
‘+ on the moon at a dis 
h . 
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seers e 


H a 





F instrument 
optical Ins 
c-lantern 1s an 

680. The mag} 


iti inted on 
adapted for exhibiting gma ee oe What is 
ors, 
in transparent CO 
glass in 


‘Jantern ? 
*£. 7 o-lenses. 
ale, by means of magnifying 2, containing 4 
ee ‘ llic box, or lantern, Fig. 29 ME In front 
a meta da metallic concave mldISs - sas AAG 
4 : in ro 
three lenses, fixed in a ibs pe nei the others 
of the lamp are © of which is called the illuminat oe Be ies 
cohen “he objects to be exhibited are Be in the tube, 2 4, 
Wee in 
the mee are introduced by a narrow ae lens, L, serve to 
of glass, whic lenses. The mirror and the 
between the two ‘ 


It consists of . 
lamp, behind which is place 








































































































































































































































































































































































































































































































































































































































































































408 NATURAL PHILOSOPHY, 


illuminate the painting in a high degree; for, the lamp being Placed in 
the magnifying. 
and forward, are 
placed in such a position as to throw a highly magnified image of the 


their foci, they throw a brilliant light upon it, and 
lenses, #, which can slide in their tube a little backward 


drawing upon screens several feet off, the precise focal distance bein 


adjusted by sliding the lenses. The farther the lantern js withdrawn 
from the screen, the larger the image will appear; but when the dis. 


tance is considerable the image becomes indistinct. 


681. The beautiful optical combinations known as 
He dissolving-views are produced by means 
ccolving- OL two’ magsie-lanterns of equal power, so 
views? ° ° 

placed as to throw Pictures of precisely 
equal magnitude on the same part of the same screen. 
By gradually closing the aperture of one lantern, and 
opening that of the other, a picture formed by the 


first may seem to be dissolved away and changed 
into another. 


Thus, if the picture produced by one lantern represents a day land- 
Scape, and the picture produced by the other the same landscape by 
night, the one may be changed into the other So gradually as to imi- 
tate with great exactness the appearance of approaching night. 


682. The solar microscope is an optical instrument 


O 
LIGHT. 7 a 


ic-lantern, 
cted on the principle of the magic la 
tru 


, ° ‘ - Whatisa 
the light which illuminates the ob Ve aera 


‘s supplied by the sun instead ofvat gene: 
iS 


: a dark- 

is effected by admitting the rays of the sun beter 

h ae a lens placed in an aperture te se emg 

ened Bee received by a plane mirror fixed a vabee ge 

n : lens. e€ 

euays tally on the le 

Biter Boyt Oa ller lens, as in the dee 

) n Fig. 

t 

between 

and the ma 

293) which represen 


This result 


his lens and eee eived upon a screen. 
: 1Saree : 
‘ image forme : e, Misa 
2 t ae construction of a solar microscope, 
S 


(LAMA) 


SSS yi 

SSeS SS LCS OSS eee TST AEC 8 
= os TATE EA ER NA 
SN 4s 


faecal IS = 
G K 


FIG. 293. 


ifyi > gale 

the illuminating lens, and L the magnifying see ue 

A nified are placed between the pte a e oe i 

ior 1 inati f£ the object by J 

e superior illumination oO area 

SO aa Soe . be magnified much more highly ae 
: eee Ace this form of microscope is often emp 

the lantern. 


g 


b] 


plane mirror, 
objects to be mag 












































































































































































































































































































































































































































































































































































































































































































































CHAPTER XIV. 
MAGNETISM. 


683. A NATURAL magnet, sometimes called a | 


What isa stone, 1s an ore of iron, known as the 
ur 1 : 

pel a toxide of iron. or ene eee : 
ence? ; Magnetic oxide of j 


which is capable of at 
| t 
of iron to itself. oe 


ron, 


Natural m 
agnets are by no 
means rare: they ar 
: y are found in 
Many 


places in the United States, and j; 
Arkansas, especially, an ore of ir E 
possessing remarkably strong ittracil 
powers is very abundant. a 

The magnetic ore is usually of a dar] 
color, and possesses but little metallia 


: , luster. Ifa piece of thi 

: i this or i . 

iron-filings, or brought in contact with a number of See 
es, t ey 


will adhere to the iti 
5 extremities . 
Fig. 294. of the magnet, as is represented in 


Wh 
en a natural Magnet is brought near to, or in 


Canamag- Contact wi ' . 
Hane with, a piece of soft iron or steel 
J 


Sie it communicates its attract; 
Berne icates its attractive properties 
J 


Properties? 9g i o 
nd renders the Iron a magnet. In doin 
ro) 


so, it ] io] 
oe none of its original attractive influence 
iron or steel which by contact with eal 


What are magnets, or b 
artificial y other methods, have ac- 


ul : : 
eee red magnetic properties, are termed 


artificial magnets. 
410 





Oad. 
Pro. 


MAGNETISM. AII 


For all practical purposes, artificial magnets are used in preference 
to natural magnets, and can be made more powerful. 
The attractive force of magnets has received the 


e of Magnetic Force, and that depart- Define the 
° . meaning of 
t of science which treats of magnets the pee 
magnetic 
force and 
magnetism. 


nam 
men e e e 
and their properties 1s denominated Mag- 
netism. 

This designation must not be confounded with animal magnetism, 
4 term which has been adopted to designate a certain influence which 


one person may exercise over another by means of the will. 


684. The attractive power of the magnet is not 


diffused uniformly over every part of its 8 Sa 
surface, but resides principally at opposite te rele a 
points or extremities of its surface. These 
points are termed poles. ; 

Between the regions of greatest attraction, a part 
may be found where the attractive influence wholly 
disappears. This part ‘s called the zeutral line, or 


the equator of the magnet. 


When a bar-magnet is rolled in iron-filings, 


= i 


abe , 


ame 


the filings attach them- 


Miers 4 j. 

yet ‘thy 

wnt et ae 
—a]} = 
SaaS 5'188 
SSS 

aA 


sented in Fig. Zea | 
29s, and in this Ei 
way clearly indi- Yee Fieeee. 
cate the location 

of the magnetic force. 


The attraction of a magnet is stronger at its cor- 
ner than at its flat surface. . 

68s. When a magnet is supported in Pitan os 
such a way as to move freely, it will rest a magnet 


° ce : : ° freely sus- 
only in one position, V1Z., with its poles, OF pended rest? 



























































































































































































































































































































































































































































































































































AI2 NATURAL PHILOSOPHY. 


extremities, directed nearly north and south. 
drawn aside from this 


vibrate backward and fo 
the same position. 


If 
to 
in 


position, it will continue 
rward until it again rests 


This property of a magnet is termed ma 


gnetic polarity, or directive 
power. 


The pole or extremity of the magnet that Con. 
Wiatare  Stantly points toward the north is calleq 
ue net the north pole, and the one that points 
polesof a toward the south, the south pole, of the 
magnet ? magnet, 

686. When two bodies pOssessin 


Whatisthe erties are brought near 
general law 


of magnetic €2Ch other, the like pol 
attractions 
and repul- 
sions ? 


§ magnetic prop. 
or In contact with 


es will repel, and 
the unlike attract, each other. 


Thus, the north or the south 
two magnets repel each Other: 


of the one will attract the south p 


poles of 
but the north pole 
ole of the other. 


This fact proves that the 
in their properties, as mi 
in § 684. 


two poles of a magnet are not identical 
ght be inferred from the experiment described 


687. Magnetism may be excited most re 


Inwhat aun 1bOM sand’) steel 
stances may 
Magnetism 
be most easi- 
ly excited ? 


adily in 
In steel the Magnetic 
Property, when induced, remains perma- 
hent; but soft iron loses its power as soon 
as it is removed from the influence of the 
exciting magnet. Nickel, cobalt, Chromium, and 
Manganese, may also be rendered magnetic. 


Recent investigations have shown that the influence of magnetism, 
ich was once Supposed to be wholly restricted to iron and its com- 
pounds, is almost as pervading and wide-extended as that of electricity. 


di aii cai ae nee Se eee nti 
ee er Pe a eee ee —_ 
a aa ea ht . “ . " , a + ~ - he aati : — ‘iin = cies 


wcll a 


at 


13 
MAGNETISM. 4 


u h n of the 
by, and other precious stones, the oxyge 
> 


more or 
he emerald, the r are 


| bstances, 
ang many oes in these sub- 
chalk, bone, wood, is influence in t 
, glass, ) This in been vider 


3 ic influence. 
a susceptible to magnetic influ 
Jes 


é icest tests, 
tible only by the ni 
however, 1S percep 
stances, 


eculiar circumstances. 
Pp 


iron or steel mag- 
tic power of an 1 
8. The magne ei 
cars to reside wholly upon the sur nagester 
er a 
a and to circulate about It. oe power of 2 
x. der a bar of steel magnetic, the ee 
ren | = 
a f a magnet is placed on the ce 
Be tect d repeatedly drawn over it How may 
s e e 
par of steel, an rep ; i 
-oward one extremity; the o ne re 
oe cted to a similar treatment wit A ee 
i ole of the magnet: the bar 1s t ie ane: 
a Rie and only loses this property wnen 
magnetic, 
3 simple 
Sa bax of soft iron becomes magnetic by 


is ecieoft 
S but the effect How is so 
contact with a magnet, jron mag- 


etized ? 
not permanent. : 


It is not necessary that absolute ae See 
should take place between a on se ene awed 
render the iro acted 
magnet, in order to tig brought oe 
netic - but whenever a magne Hane the induction ? 
in any shape, 
to a piece of iron nce of the 
ae is ae magnetic by the ie induction 
; er. To this phenomenon the name a ane 
ome Se given; and the distance throug 
has bee : 


phere. 


a - 
B, Fig. 296, be brought near to a . 2 
rendered magnetic, the end 
of the magnet constituting its 


ft iron, 
Thus, let a bar of so 
net, A. By induction the bar will S 
KO bar toward the south (—) pole 
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414 NATURAL PHILOSOPHY 


nort 
north (++) pole, and the other end its south pole. This bar j 4 
e ar in tur 4 
n & 


may ind ism i 
ae : ie ee in a second bar, C, and C may act in li 
nel’; i i i 
eae o bs ae in each successive case the attraction ae ed 
ving the magnet, A, the bars will lose their maa : 
hetism 


T iii MTT —= SS 
Fic. 296. 


In all cases, wh : 
» where either pole of . 
Conmice with bod a magnet is brought nea . 
Roe ae aS of acquiring magnetism, ae vated i 
€ magnet acqui is 
the remote : quires a polarity o ; 
eee ee. aes a pole of the same a ee aie 
7 agnet for iron is sim oy ence ote 
a : : ply the attracti : 
magnet for the opposite pole of Beha Faction Of one; pole gar 
The gener h 
How ry i pees ner e effect of magnetization by induction 
eee ay ee eae Hite by bringing a powerful magnet j 
netic induc- : Or soit Iron, as a la Pn Eee 
tion be °- found that the lar k wig oe key, when it will be 
EOE Ten RE Pilea ge key will support several smal] 
‘Sj Dut as soon as the body inducing th nee 
action 1s removed, they Ane aloo ot g the magnetic 


689. Ma 
° Mer ° 
: tism may be also induced in a bar of 
ee on, by the action of the earth 
induce 1 ; 
Bae aus ‘ Most iron bars and rails, as the vertica] 
ars 1 a 
poe of 3 windows, that have stood for 4 
ig iees me in a perpendicular position, will be 
agnetic. The magnetism of 
iron ore has probably been : 2 eae 
cause. produced by the same 
If we suspend 
| Pp a bar of soft iron sufficiently long in the air, it wi 
Whatare gradually become magnetic: eat vall 
idee ehek® fitstllsus: TEESE and although when it j 
pete i spended It points indifferently in any di . : 
fae, will at last point north and south : Ale cee 
by the earth? ee If i bar of iron, such as a kitchen poker, which h 
en , : ic 
Breen akc ss to be devoid of magnetism, is Biaeed a 
Sei ok ground, slightly inclined toward the north, and eS 
mart blow with a hammer upon the upper : : i oe 
nd, it will 


acquire polarity, and exhibi 
ibit the ‘ 
a imaghet; attractive and repellent properties of 





MAGNETISM. AIS 


be of any required 


Artificial magnets of iron or steel may 
In what form 


lmost any dimensions. 

ece of iron not magnetic is brought in con- are artificial 

t, it will be attracted by either magnets 
constructed ? 


tion takes place when 
of iron at once. 


690- 
form, or of a E 
When a Pp! 
tact with a common magne 

ole; but the most powerful attrac 
poth poles can be applied to the surface of the piece 
tic bars are for this purpose bent somewhat 


The magne 
‘nto the shape of the letter U, and are termed horse- 


shoe magnets (Fig. 297). 
Geveral of these are 
ilar poles in contact: 
d magnet, and are very P 
charging other magnets. 

For the purpose of distinguishing between.the two 
oles of an artificial magnet, the end of the bar which 


is designated as the north pole is generally marked with 


4 + or with the letter N. 


frequently joined together with 
their sim they then constitute a 
compoun owerful, either for 
lifting weights or 


691. Magnetic attraction can be made to exert its 
‘nfluence through air, glass, paper, ands oes aaa 

nd liquid substan emenalilivs srouc uses 
solid e 1 Oe Ys tion extend 
through 


which are not capable of acquiring mag- 
saan ‘ ; other bodies? 
netic influence in the ordimary manner. 


laced underneath a sheet of paper 
which has iron-filings sprinkled over 
its surface, the filings, upon the ap- 
proach of the magnet, will arrange 
themselves in great regularity in lines 


If a horse-shoe magnet be p 


ZZ diverging from the poles of the mag- 
~ net, in curves, and extending from the 


one pole to the other, as is repre- 


sented in Fig. 298. The numerous 


fragments of iron, being rendered 


magnets by induction, have their un- 
Fic. 298. : : 

like poles fronting each other, and 
and adhere in the direction of their 


c curves. 


they therefore attract one another, 
between the magnet and 


forming what are termed magneti 


polarities, 
d to intervene 


If a plate of iron is cause 














































































































































































































































































































































































































































































































416 NATURAL PHILOSOPHY. 


the 
under surface of the paper, the magnetic influence is al 


cut off. MOst entirely 


692. Heat weakens the power of a magnet 


On _heati ; 
ing a magnet, the intensity of its attraction de 
What effect the temperature increases. At ieinpéka tural 
Tes ab 


does heat 100° . 
have ona (Fahrenheit’s scale), a part of the 


magnet? magnet is permanently destroyed, while at 
the magnetism disappears altogether 


OVe 
Power’ ofa 


a red heat 


6093. 
, 93 EB pts if left to themselves, gradually a 
De ariciat in a space of time varying with th h " 
lose their ness of th a 
lore their oe € metal composing them, loca 
i | their magnetic properties a 
1S 3 
, 1S prevented by keeping their poles united 
What is an means of a soft iron bar called an a 
tae ture, represented at A, Fig. 297 
is e ° ° ; . 
ca i becoming magnetic by induction, re-acts upo 
ee pace in the poles of the magnetic bar saa 
o o increase rather than diminish their intensit 
e lifting or sustaining power of magnets v ae 
Whatisthe very materially. Th ‘co 
epee € most powerful th 
artificial we are acquainted wi E 
a eee q ed with are capable of sus. 
aining twenty-six times their own weight 


The law 
Nas, an Magnetic attraction and repulsion is 
oes 
ey eae € same as that of gravitation; that is 
ay) 


magnetic these forces increase in the same prop 
or- 


attraction 


andrepul. '10n as the square of the distance from the 


sion vary ? center d 
of attraction ve 
ishes. or repulsion dimin- 


by 
mMa- 


6 4. A ie ] 
9 piece of 1ron undergoes attraction at all points whilst in a 
b 


magnet the i i 
= S ne ee property is unequally distributed. This consti 
ence between magnets and magnetic bodies a 


695. The vari 
95 various phenomena of magnetism have been accounted 
e 


MAGNETISM. 47 


for bY supposing that all bodies susceptible of magnetism are per- 
ded by two subtile imponderable fluids, one called ; 

Ye th . According to 

the gustral, or southern, magnetism, and the other the what theory 

b oreal, OF northern, magnetism. Each of these, like are magnetic 
ositive and negative electricities, repels its own kind, a aie ig 

‘ : ° accounte 
and attracts the opposite kind. These fluids surround ¢o,? 
the m 


olecules of a body, and cannot be separated from 
them- 


Whe 
magnetic, 


n a body pervaded by the fluid is in its natural state, and not 
the two fluids are in combination, and neutralize each other. 
When 4 body is magnetic, the fluid which pervades it is decomposed, 
the austral fluid being directed to one extremity of the molecules of a 


body, and the boreal to the other. 


‘That the fluids pervade all parts of the body, is 
shown by the fact that if we break a 4¢ we break 


, an artificial 
magnet across the middle, each fragment Pronet, 


becomes converted into a perfect magnet, what occurs? 
possessing two poles and a neutral line. 


Fig. 299 shows the theoretical position of the fluids in the particles 


of a magnetized body; the dark 
portions representing the austral WV 
magnetism, and the light por- 
tions the boreal magnetism. On 
preaking the bar, each of the fractured ends will exhibit a polar state, 
and each part becomes a perfect magnet. 

If we divide up a magnet to the extreme degree of mechanical fine- 
ness possible, each particle, however small, will be a perfect magnet.* 

696. That the magnetization of a body pertains to the molecules of 
a body is shown by the fact that, on suddenly magnetizing a bar of 
soft iron by means of the electric current, a sound is emitted, which is 
undoubtedly caused by the movement of the molecules of the bar. 
The bar will also lengthen when magnetized. 

Iron and steel are easily rendered magnetic, because the fluids 


' which pervade them can be easily decomposed by the action of other 
In iron, the separation of the two kinds of magnetism may 


} 
i} 
4 


DODOOODP DDGDODD 
CDDP OO OOOO OO OE 


magnets. 


# It is supposed that the molecules of a body, in arranging themselves in crystals, 


obey their magnetic forces. 





























































































































































































































































































































































































































































































































418 NATURAL PHILOSOPHY. 


be easily, but only transitorily, effected. The magnet, therefor, 


attracts it powerfully, converting it, however, into only a temporan, 


magnet. In steel, the two kinds of magnetism are not so easily Sen. 
arated, hence the latter is but slightly attracted by the most Powerfy} 
magnets. When once effected. however, the Separation is Permanen; 
and the steel becomes a perfect magnet. ; 

As, according to this theory, the act of rendering a body Magnetic 
consists simply in decomposing a fluid pervading it, we can easj] 
understand how, by means of one artificial magnet, an infinite number 
of other magnets may be made, without the former losing any of its 
magnetic properties. 


697. The magnetic needle (Fig. 300) is simply a 
Wiki. ar OF steel, which is a magnet, balanced 
hese «=O Upon a pivot in such a way that it can 
needle ° ° . : 

turn freely in a horizontal direction, 


Such a needle, when properly balanced, will be observed to vibrate 
more or less, until it settles in such a direc. 
tion that one of its extremities, or Poles, 
points toward the north, and the other toward 
the south. If the position of the needle be 
altered or reversed, it will always turn and 
vibrate again until its poles have attained the 
Same direction as before. 

It is this remarkable property of a magnet- 

ized steel bar, of always assuming a definite 

direction, that renders the compass of such value to the mariner, the 
engineer, and the traveler. 


The ordinary compass consists of a magnetic nee- 
Whatisa dle or bar balanced upon a pivot, and 


compass? —_ inclosed within a Shallow box, or metallic 


case. Upon the bottom of the box is a circular card 
with the chief or cardinal points of the horizon, 
north, south, east, west, marked upon it. 


Fig. 301 represents the form and construction of the ordinary, or 
land, compass. The term compass is derived from the card, which 
compasses, or involves as it were, the whole plane of the horizon. 
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i ached to the under 
In the sea, or mariner’s, compass, the needle is att 


¢ the card, in such a way that both traverse to- What is the 
i s the needle itself being out of sight. Upon construction 
retner, — 


ene * = he sea, 
: ing diagram, of thes 
ne surface of the card is engraved a radiating diagram, Cea ae 
t 
divi 


ding the whole circle of the horizon into thirty-two ae anaee® 

ae points. The compass-box Is suppomce by eed 
Ee f two concentric hoops, called gimbals. These are so P 
means O | 


=—, 
—— 

== 

Says SS5 

——— 

a 

—}, 


all 


a 
———— 





diately in the center 
d support the box imme 
8 OE eens ae ay the vessel may roll or lurch, the 


of the two; so that, whichever w t the true 


oe ; ‘ ae 
card is always in a horizontal position, and is certain to p 
direction of the head of 
the ship. Fig. 302 repre- 
sents the construction and 
mounting of the sea-com- 


pass. 
698. If a simple 

bar of Whatisa 

ag- dipping- 

ne es 5 needle ? 

netized 

steel, or an ordinary 

needle, be suspend- 


ed trom a center, | 
instead of being balanced upon a pivot beneath it, 


it will hang horizontally, and manifest no inclina- 
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tion to dip from 
a horizontal lin 

= e, either on 
2 a other of the center of suspension no 
ae ie or needle be made a magnet, it will 4 
es In a horizontal direction, but é 

Incline downward and the other upw 


2 


one Pole 
ard; the 
on being 


Such an arrangement is called a dipping-needle 


Fig. 303 represents the construction and a 


needle. ppearance of the dippin Pa 


699. 
99. Although the magnetic needle is said to point 


Daeiee north and_ south 
magnetic > 
Sa eae accurate observa. 
due north tior 
ee 1S have Shown 
that it does not 
point exactly north and south 
except in a few restricted po- 
sitions upon the earth’s syr- 
face. 
700. The direction assumed 
Wheeitne DY @ hioriz onueem 
magnetic i 
mastete, needle in any given 
| place upon the 
earth’s surface is called the 
magnetic meridian. 
A terrestrial meridian, 


it wi : 
Whatisthe Posed to be ve ue remembered, is a great circle, sup- 
rawn around the earth, passing ie . 
roug 


terrestrial 


both poles and : 
meridian ? . nd any given place upon its 
surf 
7, P- 3%) Bere the equator at right angles. (See § 66, aa 
seu ee Ga of a needle which would point due h ig 
y place will be the true or terrestrial sericea = 
a 


place. 
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The deviation of the needle from the true north 


and south, or the angle formed by the whatis the 


meridian and the terrestrial variation, of 
the declina- 


is called the variation, or decli- tion, of the 
needle? 


magnetic 
meridian, 
nation, ot the needle. 

There are two lines upon the earth’s surface, along 


which the needle does not vary, but points what are 


the lines 


to the true north and south. These lines of no vari- 
are called the eastern and western lines 12?" 
of no variation, and are exceedingly irregular and 


changeable. 

Their position is as follows: The western line of no variation 
begins in latitude 60°, to the west of Hudson’s Bay, passes in a south 
direction through the American lakes, to the West Indies and the 
extreme eastern point of South America. The eastern line of no vari- 
ation begins on the north in the White Sea, makes a great semicircular 
sweep easterly, until it reaches the latitude of 71°; it then passes 
along the Sea of Japan, and goes westward across China and Hindos- 
tan to Bombay; it then bends east, touches Australia, and goes south. 

In proceeding in either direction, east or west from the lines of no 
variation, the declination of the needle gradually increases, and becomes 


a maximum at a certain intermediate point between them. On the 


west of the eastern line the declination is west; on the east it is east. 
the declination of the needle is 


In Boston, in the United States, 
about 5$° west; in England it is about 24° west; in Greenland, 50° 
west; at St. Petersburg, 6° west. 

vor. As the directive property of the magnetic needle is observed 


everywhere in all parts of the world, on all seas, on the , 
How is the 


loftiest summits of mountains, and in the deepest mines, directive 


st is evident that there must be a magnetic force which power of 
acts at all points of the earth’s surface, since magnetic the needle 

: : accounted 
needles can no more take up a direction of themselves for? 
than a body can acquire motion of itself. To explain 
these phenomena, the earth itself is considered to be a great magnet, 
and the points toward which the magnetic needle constantly turns are 
called the magnetic poles of the earth. These poles, by reason of 


their attractive influence, give to the needle its directive power- 
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the magnetic needle in 
onary, 








nts the position assumed by eae 
The magnetic equator of the earth 1S 


i ime. 
tion gradually during long intervals of tim 

















The two poles of the great terrestrial magnet, which are Situated in Fig: o oa 
Where are the vicinity of the poles of the earth’s axls, are termed _ | yarious ee ci 4 
the magnetic Tespectively the magnetic north pole and the Magnetic ne put chang Tote from the true north an 
poles situ- south pole. These contrary poles attract each other, a 02. Beside the variation 
ated? and thus a magnetic needle will turn its south Pole to 73 a h, the mag- what is the 
the north, and its north pole to the south. Hence, what we generally ee south, dle is dina were 
call the north pole of a needle is in reality its south pole, and its south Mm netic neeaic Saas 2 
pole is its north pole. sub j ect. to. .a 

The exact position of the northern magnetic pole is about yo ‘arnal variation. This 
from the north pole of the earth, in the direction of Hudson’s Bay, ‘y diur t. or variation, 

was visited by Sir J. Ross in 1832, in his voyage of Arctic discovery, 7 ; movement, bout seven 
The south magnetic pole is situated in the Antarctic Continent, ang q ‘ commences 4 ou : 
has been approached within 170 miles. -, the morning, when the 

The position assumed by the dipping-needle varies in different lat. h. end of the needle 
Fae fae. tudes. If it were carried directly to the north magnetic : 4 nort ; to deviate toward 
the position Pole, its south pole would be attracted downward, and 4 begins Bevis hes its 
of the dip- the needle would stand perfectly upright. At the South : a the west; it reac 


Ping-needle . . +48 : iation about : 
aap? magnetic pole, its position would be exactly reversed,* eviatl hen it begins to return 
the afternoon, when 

































































































































































se : maximum d 
If the dipping-needle be taken to any point on an Irregu- 4 ‘clock in 
lar line which passes round the earth jn the tropics, near the true - &@ E00 : ioinal position. 
equator, it will remain perfectly horizontal, or cease to dip ‘at all. q slowly UD UES al movement, and a 
This irr ine is call h . . is subject also to an annual mover es 
1S Irregular line is called the Magnetic equator of the earth (Fig. The magnetic needle 1s sub} from that noticed in the sum 
304). As we go north or south, however, it dips more and more, until ement different in the winter months fro 
at the magnetic poles, as before Stated, it becomes perpendicular, > | aN Porth. 
the end which was uppermost at the north being the lowest at the g met 


oy . 4 The daily, monthly, and 

















































































































yearly variations of the 


What is the 
supposed 











ioned by 
Si o be occasio 
* Like the declination and dip, the intensity of the earth’s magnetism varies very . aa needle are supposed : f the earth's cause of the 
much in different parts of the earth; at the magnetic equator being the most feeble, q ft Vv ariations in the temperature O 














periodical 
variations of 
the needle? 


and gradually increasing as we approach the poles. The intensity of terrestrial mag- a ‘9 di upon the changes In 
netism in different places may be measured by the number of vibrations made bya 3 surface, depen ing 1 ih 
magnetic needle in a given time. ; ; ition and action of the s ° 
t As the directive tendency of the horizontal needle arises from its poles being the BOF t number of years seem to show that 
great nu 


th, it is evident from the rotundity of the earth that its ; de for a ° eriodical 
| : tions ma ee 
poles will not be attracted by those of the earth horizontally, but downward, so that @bserva ae ni oe 
aws of this change ar 


; a ‘ : ition of the e 
the needle can not tend to be horizontal, except when it is acted upon by both poles . a the entire magnetic See nor the | 
equally; that is, when midway between them. When nearer the north magnetic pole 4 q change, but neither the c 
than the south, its north end must be attracted downward, and the contrary when it is understood. ; : vi ation and 
nearest the south pole, Accordingly, a needle which was accurately balanced on its of ti cal operations, as in navig 
support before being magnetized, will no longer balance itself when magnetized ; but | For most prac 1 a netic needle from 
in this country its north pole will appear to dip, or appear to be the heavier end. a 7 in the deviation of the m S een into 
This circumstance has to be corrected in ships’ compasses by a small sliding weight a surveyl 8 d south is carefully take 
attached to the southern half, which weight has to be removed on approaching the % 4 the true north an 
equator, and shifted to the other side of the needle when in the northern hemisphere, p 



















































































































































































































































































































































































































































































424, NATURAL PHILOSOPHY. 


account, and a rule of corrections applied. A knowt, 
edge of the amount of variation, east or West, fo; 
different localities upon the earth’s surface, may he 


obtained from tables accurately arranged for this 
purpose. 


The variation of the magnetic needle from the true north and s 
is said to have been first noticed by Columbus in his first Voyage of 
discovery. It was also observed by his Sailors, who were alarmed at 
the fact, and urged it as a reason why he should turn back. 


The compass is claimed to have been discovered 


by the Chinese: it was, however, known 
When was : e : 
the compass 1n Europe, and used in the Mediterranean 
discovered? . ; 
in the thirteenth century. The compasses 
of that time were merely pieces of loadstone fixed to 


a cork, which floated on the surface of water, 


outh 


703. The resemblance between magnetism and electricity is very 
striking, and there are good reasons for believing that both are but 
modifications of one force. Both are supposed to consist of two fluids, 
which repel their own kind, and attract the opposite. The fluid in 
both cases is supposed to reside upon the surface of bodies; the laws 
of induction in both are the Same; and each can be 
develop the other. The essential differ 
netic discharge: that is, in the case of 
tion of the passage of the agency from one body to another, and a 
new distribution of the electric forces oc 
netism there is no such manifestation, 
lose any of its original power. 


made to excite or 
ence is that there is no mag- 


curs; but in the case of mag- 
nor does an inducing magnet 


electricity there is a manifesta- _ 


CHAPTER XV. 
ELECTRICITY. 


o4. Electricity is one of those subtile agents, 
Beat weight or form, that appear to i What is 
diffused through all nature, existing In a oe 

ubstances without affecting their volume ae 
i. temperature, or giving any mre = . 
i state. ; 
hen in a latent or ordinary state. 
eae it isl ose, it is capable 
it 3 ted from this repose, 
however, it is libera ee 
| dden and destruc 
roducing the most su a 
a ‘of exerting powerful influences by a quiet a 
-continued action. 
ba. Electricity may be excited, or called into 
activity, by mechanical action, by chemical How may 


é : electricity 
netic influ- 5. excited? 
at, and by mag 
action, by heat, 


ence. 


° iest How is elec- 
700 The most ordinary and the easi Diy Bere 


e e e ° ] ‘1 
way of exciting electricity is by mechanica easily 
iction. 
action — by frict | 
If we rub a glass rod, or a piece of sealing-wax, or How does 


i feat=y cee ‘i 
substances will immediately acquire the ee - fri ct on man 
tracting light bodies, such as bits of paper, silk, gold-leat, ife 


balls of pith, &c. a 
This attractive force is so great, that, even S a 

distance of more than a foot, light ee i 

drawn toward the attracting body. The ca 















































































































































































































































































































































26 . 
4 NATURAL PHILOSOPHY, 


this attraction is term ici | 
| ed electricity, and th 
ing body is said to be electrified. : ee 


707. Thales, one of the seven wise m 
in the si ise men of Greece, and who Ii 
ae fen ene. before the Christian era, noticed and econieal 
Se act tubbed would attract light bodies ; and the na € 
feo o designate such phenomena, has been derived ie 
reek word 7Aexrpuv, electron, signifying amber. ved from 


708. Every electrified body attracts every unelec- 
What i Re body, and, in addition to this attrac. 
ee Be orce, manifests also a repulsive force 
a is is proved by the fact that light sub- 

: er touching an electrified body, recede 
from it just as actively 
as they approached it 
before contact. Such 
action is ascribed to 


a force called Electrie: 
Repulsion. 


Thus, if we take a dry 
glass rod, rub it well with 
silk, and present it to a light 
pith-ball, or feather, suspend- 
ed from a support by a silk 
thread, the ball or feather 
a be attracted toward the 
glass, as seen in Fig. 
After it has ahciane ‘ : 
moment, it will fly off, or be 
ee The ball will also 

| R ; 
be rubbed with a dry flannel, and a like eae ee 
3 


thi : 
=e ee difference, — that when the glass repels the ball, th 
g-wax attracts it, and when the wax repels, the glass will see 

O : e ° 
wv : As the electricity developed by the friction 
giass and other like substances is essentially dif- 


ELECTRICITY. 


fer 
wa 


the one called vztreous, because especially 


427 


ent from that developed by the friction of resin, 


x, &C., it has been inferred that there 1s there 
more than 


are two kinds or states of electricity, — Gre kind of 
electricity ? 


developed on glass, and the other vesinous, because 


grst noticed on resinous substances. 


These terms are, however, improper, 


since there is no certain test 


which will enable us to determine, previous to experiment, which of 


two 
tive electricity. Of 
ceptible of positive, 


becomes positively electrified when rubbed with silk or 


negatively 
ing-wax becomes positive w 


by any thing else.* 


bodies submitted to friction will produce positive, and which nega- 
all known substances, a cat’s fur is the most sus- 
and sulphur of negative electricity. Smooth glass 


flannel, but 


electrified when excited by the back of a living cat. Seal- 
hen rubbed with the metals, but negative 


The electricity which corresponds to the “ vitre- 


ous” is now more properly and generally 
called positive, and is represented by the 
sion +; while that which corresponds to 
the “resinous” is called negative, and is 
represented by the sign —. 

710. When a body holds its own natural 
quantity of electricity undisturbed, it 1s 
said to be non-electrified. 

When an electrified body touches one 
that is non-electrified, the electricity con- 
tained in the former is transferred in part 


to the latter. 


How are the 
two kinds of 
electricity 
generally 
represented ? 


When isa 
body non- 
electrified ? 


When an 
electrified 
body touches 
one non- 
electrified, 
what occurs? 


* In the following list the substances are arranged in such an order that each 
trified when rubbed with any of the bodies following, but nega- 


tively when rubbed with any of those which precede it. 


becomes positively elec 


1. Cat’s fur. 5. Cotton. 
2. Flannel. 6. Silk. 


g. Shellac. T° 
. Resin. 14. 
. The metals. 15 


Caoutchouc. 
Gutta-percha. 
. Gun-cotton. 


























































































































3. Ivory. 7. The hand. 


4. Glass. 8. Wood. . Sulphur. 
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E Gone ae the end of a suspended silk thread wit 
wax or glass, electricity will 5 
pass from th 
a enti render it electrified; and the silk cae ae e 
ee - ibit the effects of the electricity parted to b 
ard any object that may be placed near it - 


h a Piece 
glass into 
charged,» 


e ue a Two theories, based upon these phenom 
: raction and repulsion, have been formeaail 
eee the nature and origin of electricity ; whj : 
mn under the name of the “theor | f a 
single fluid,” and the “theory of two fluids . 7. 
ee The theory of a single fluid, a theory 
net eich pounded by Dr. Franklin, supposes “te 
sory eta existence of a single subtile fluid, vii 
oe out weight, equally distributed throughout 
» €very substance being so constituted as to 


retain a certain 
quantity, which j : 
physical condition. ys is necessary to its 


When a su 
cole ee pervaded by this single fluid is in its nat 
aaa ne n, it offers no evidence of the presence of electri a 
natural condition is disturbed it appears electrifi : Ge 
e 
. e 


differ 2s 
fe ae the electricity developed by glass and that b ; 
from the un oe ee S supposing electrical excitation = a 
: relative quantiti i ia : 
In th q les of this pr Bes 
e body rubbed and the rubber, or in their ane oe evita 
ng an 


retaining electricity. Thus 
: one body b 
abe tacied thistpencinie amie SON overcharged by having 


713. The theory of two fluids, or the theory of D 
What isthe Fay, supposes that all bodies, in their : 
theory Of ue State, are pervaded by 2 cicseainl 
eee tile fluid, which is composed of he 
eae S, or elements, viz., the positive and th 

gative electricities. Each kind is supposed "te 

O 


D 
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quantities, they 
and remain 
he other, it 


n these two fluids pervade a body in equal 
each other in virtue of their mutual attraction, 
but, when a body contains more of one than of t 
tive or negative electricity, as the case may be. This 
erally accepted by scientific writers, but only as a theory. 

or may be excited in, all 


Whe 
peutralize 
jn repose> © 
exhibits pos! 


theory is gen 
714. Electricity exists in, 
There are no exceptions to this rule; but elec- Wihatare the 
eee P ; electrical di- 


tricity 3S developed in some bodies with great ease, and visions of all 
in others with great difficulty. substances? 

The fundamental law which governs the relation 
of these two electricities to each other, what is the 


general law 


and which constitutes the basis of this oF electrical 
: B attraction 
department of physical science, may De ae 


expressed as follows :— sion? 
Like electricities repel each other, unlike electrict 


ties attract each other. 

Thus, if two substances are charged with positive electricity, they 
repel each other; two substances charged with negative electricity 
also repel each other; but if one is charged with positive, and the 
other with negative electricity, they attract each other. 

In no case can electricity of one kind 
ed without setting free a corresponding Can one 


electricity be 


amount of electricity of the other kind: excitea with- 
oes ° : ‘._ out setting 
hence, when electricity 1s excited by fric oe ae 


tion, the rubber always exhibits the one, other? 
and the electric, or body rubbed, the other. 
715. Bodies differ greatly in the freedom with 
which they allow electricity to pass (NOS ees 
conductors 


or through them. Those substances which consucter 
Z and non-con- 
facilitate its passage are called conductors ; ductors of 


those that retard or almost prevent it are electric! 
called non-conductors. 


No substance can entirely prevent the 
there any. which does not oppose some resis 


be excit- 


passage of electricity, nor is 
tance to its passage. 












































































































































































































































































































































































































































430 NATURAL PHILOSOPHY, 


It would appear that the molecular constituti 
power of conducting electricity. Thus, ice 2 
water and steam are good conductors. : 
masses are not, but when powdered t 
Heat confers conductibility on glass, 


on of a body affects 
a poor conduct 
Sulphur and place nee Or, but 
hey become good con 
sulphur, and gases. 


OmMDact 


Of all bodies the metals are the most perfect 
What sub. Guctors of electricity ; charcoal, the earl 
’ ele 


stances are 


Ww vane ere ee 
ee tae Pee et aids, excep am 
of elec- an 1 
tricity ? ; the human body, are also good Cc ‘; 
uctors of electricity. Ong 


Gum-shellac and gutta-percha are the most p 
er- 


Whateut. fect non: ge 
at sub n-conductors of electricity ; sulphur 


stances are j ° 
Bee ue sealing-wax, resin and all resinous bodi 
ies, 


tors of elec- l y y 
3 Ir 


Electricit 
y always passes b 
best conductors, y Prelerence overs 


Thus, if a metallic chain or wire j : ; 

ing the gro € is held in the hand, on 

ae 38 ee the other brought into contact with a out 

aM iteec ont as: € electricity will pass into the hand bees Ctrified 

of the chain er 2 than the flesh of the hand. But if ie 

from the ground meat oe ee ‘ conductor, the other be se 

be rendered See en the electricity will pass into the hand parated 
ible by a convulsive shock. and, and will 


ain being 
one end 


16. 
716. When a conductor of electricity is surrounded 


on all si 
When - a sides by non-conducting substances 
Is said to be zxsulated; and the nom 


insulated ? d 

conducting sub 

: stances which ; 
are called zxsulators. eee 


When a i 

CO ° e 
Whenisa 4, nducting body is insulated, it retains 
body saidto UPON Its surface the electricity communi 


be charged 1 : 
eet ange cated to it, and in this condition it is said 


tricity ? to be charged with electricity 


its 
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A conductor of electricity can only remain electric as long as it is 
ed, that is, surrounded by perfect non-conductors. The air is 
r, since, if it were not so, electricity would be instantly 
by the atmosphere from electrified substances. Water 
are good conductors: consequently, when the atmosphere 
e electricity will soon be lost, which in a dry condition of 
ld have adhered to an insulated conductor for a long 


jnsulat 
an insulato 
withdrawn 
and steain 
3s damp, th 
the air wou 


eriod of time. 
Thus a globe of metal supported on a glass pillar, or suspended by 


a silken cord, and charged with electricity, will retain the charge. If, 
he contrary, it were supported on a metallic pillar, or suspended 


ont 
city would immediately pass away over 


by 2 metallic wire, the electri 


the metallic surface, and escape. 
In the experiments made with the pith-ball (§ 708, Fig. 305), the 


d by which it was suspended acts as an insulator, and the 


silk threa 
becomes charged is not able to escape. 


electricity with which it 


717. When electricity 1s communicated to a con- 


ducting body, it resides merely upon the poes elec- 

surface, and does not penetrate to any en faaee 

depth within. the surface, 
or the inte- 

Thus, if a solid globe of metal suspended by a silken tior, of 
thread, or supported upon an insulated glass pillar, be Bodice 
highly electrified, and two thin hollow caps of tin-foil or gilt paper, 
furnished with insulating handles, as is repre- 
sented in Fig. 306, be applied to it, and then 
withdrawn, it will be found that the electricity 
has been completely taken off the sphere by 
means of the caps. 

An insulated hollow ball, however thin its Hic 6a 
substance, will contain a charge of electricity 
equal to that of a solid ball of the same size, 
cases being distributed upon the surface alone. 


all the electricity in both 


718. By density of electricity is meant Whatis 
meant by 


the amount of electricity on a unit of sur- density of 
electricity ? 


face. 
In the case of a spherical body charged with electricity, the distri- 



















































































































































































































































































































































































































































































NATURAL. PHILOSOPHY. 


bution, and hence the density, of the electricity, is equal all over the 
surface; but when the body to which the electricity jg 
communicated is larger in one direction than the Other, 
the electricity is chiefly found at its ends, and the quan, 
tity at any point of its surface is proportional to its 
distance from the center. 

The shape of a body also exercises great influence 
in retaining electricity. It is more easily retained by a sphere than by 
a spheroid or cylinder; but it readily escapes from a point, and a 
pointed object also receives it with the greatest facility. 


How does 
the form 

of a body 
influence its 
electrical 
condition ? 


719. The earth is considered as the great general 


What is reservoir of electricity. 
the great 
reservoir of 


When, by means of a conducting substance, a com- 
electricity ? 


munication is established between a body containing an 
excess of electricity, and the earth, the body will immediately lose its 
surplus quantity, which passes into the earth, and is lost by diffusion. 


720. When a body charged with electricity of one 
kind is brought into proximity with other 
bodies, it is able to induce: or excite in 
them, without coming in contact, an oppo- 
site electrical condition. This phenomenon is called 
electrical induction. 


What is 
electrical 
induction ? 


This effect arises from the general law of electrical attraction and 
Explainthe Tepulsion. A body in its natural condition contains 
Phenomena equal quantities of positive and negative electricities ; 
of induction. 444 when this is the case the two neutralize each other, 
and remain in a state of equilibrium. But when a body charged with 
electricity is brought into proximity with a neutral body, disturbance 
immediately ensues. The electrified body, by its attractive and repul- 
Sive influence, separates the two electricities of the neutral body, 
repelling the one of the same kind as itself, and attracting the other, 
which is unlike, or opposite. 

Thus, if a body, A (Fig. 307), electrified positively, be brought near 
a neutral body, as a cylinder, B, the positive electricity of the neutral 
body will be repelled to the most remote part of its surface, but the 
negative electricity will be attracted to the side which is nearest the 


a a 
Ce a er ee Pro o 


‘ wi stapape oolcaiee ines 
ee oa ee 
——— 
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-+urbing body. Between these two regions a neutral line ag the 
ee se points of the body over which the two opposite ful 
sett ly distributed. This does not arise from a transfer ons 2 
tric fluid from A to B, for upon withdrawing the elec et 
ae inder B will again become neutral; but the electricity 


A, the cyl ern esi ats 
Bi ccomposes by its proximity the combination of the two electric! 
in 


‘og jn the cylinder, B, attracting the kind opposite to itself ee 
a d nearest to it, and repelling the same kind to the farther end. 
Be ae deutval body, C, be brought into the vicinity of B while 
| Be oon by A, the electricities in C will be pas ee induc- 
bie action. On removing A, both B and C will become neutral. 


yate 


UNCC ULL SR RR 
—CG TA 


FIG. 307. 


aye Se e 
According to Faraday, this action is due to the fact that ae mo . 
les of the intervening air become alternately positively and neg 
ev e e s . : 
tively electrified, and the influence !s propagated by this see ae 
721. In the cylinder B, while under the influence of A, the rep 
2] tricity, which is + in this instance, is free electricity, Hem ey 
ae icity is held in its place by a body be 
and the attracted (—) electricity is he : tate 
the action of the electrified body, A. Buti now Me fe induction 
end of the cylinder be connected for a moment Re sae 
iti icity will escape; and on rem 
earth, the positive electricity OP ede ee 
ici ill diffuse itself over the cylinder, 
negative electricity will di its ! seed 
a with negative electricity. So that a body may be charg 
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with electricity, not only by friction and actual contact, but also by 
induction. 


_ 722. These experiments explain why an electrifieg 


surface attracts a neutral or unelectrifieg 
Explain the , : 
reasonwhy body, such as a pith-ball. It is not that 
ce ne delaere electricity causes attractions between ex. 
atuacts@ _ cited and unexcited bodies, the same as 
neutral or é ‘ 
maces between bodies oppositely excited; but 
oh that the pith-ball is first rendered Opposite 
by induction, and attracted in consequence of this 
opposition. A pith-ball at a few inches distance 
from an electrified surface is charged with elec. 
tricity by induction, and, the kind being contrary 
to that of the surface, attraction ensues; when 


the two touch, they become of the same kind by 
conduction, 


A person may also receive an electric shock by induction. Thus, 
if a person stand close to a large conductor strongly charged with 
electricity, he will be sensible of a shock when this conductor is sud. 
denly discharged. This shock is produced by the sudden recomposi- 


tion of the fluids in the body of the person, decomposed by the pre- 
vious inductive action of the conductor. 


723. An electrical machine is an apparatus by 


Whats means of which electricity Is developed 
electrical and accumulated in a convenient manner 


machine ? i 
for the purposes of experiment. 


Electrical machines are of two kinds, —the plate 


Describe the 20d cylznder machines. They derive their 
wesc Names irom the Shape of the glass em- 


of electrical 


machines in Ployed to yield the electricity. 


common use. 
The plate electrical machine, which is represented in 
Fig. 308, consists af a large circular plate of glass, mounted upon a 


ELECTRICITY. 435 


llic axis, and supported upon pillars fixed to a secure base, so 
- h late can, by means of a handle, be turned with ease. The 
that the Ee Reuven two sets of rubbers, F F, made of leather or silk, 
a naa may be made to press against the glass as tightly as desired. 
“Ng ice also passes between two U-shaped brass rods, furnished 

e 
a points, and con- 
necting with the 
cylinders GG; vies 
Jast are called prime 
conductors. 

On turning the 
plate, the rubbers 
become negatively, 
and the glass posi- 
tively, electrified. 
The positive elec- 
tricity of the glass 
acts by induction on 
the electricity in the 
prime conductors, 
repelling the posi- 
tive and attracting 
the negative, which 
last, passing to the 
glass from the brass 
points, makes the 


Jate neutral. On ashi S 
Bei suing the motion, the electricities of the plate are again deco 
C 


osed by the rubbers. The rubbers are connected with the os, = 
Beans of a chain, D, so that the negative electricity rales as a 
it i The action of the machine con 
it is collected by the rubbers. a 
7 extracting from the prime conductors their negative electricity, and 
i itive electricity. | 
in leaving them charged with pos! ae G 
The Sender machine is constructed on the same Bae ne 
309). C is the rubber which collects negative electricity ; cet 
prime conductor furnished with points, P; and M isa glass ke 
which performs the same functions as the glass plate in the e 
machine. On working the machine, a series of sparks will pass be 
E 
tween the ends of the rods D and ee . 
In order to avoid a loss of electricity, flaps of oiled silk are attached 
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to the rubbers,* and brought into contact with the glass. They are 
not, however, represented in the engravings. In the plate machine 
they pass from @ to F on both rubbers; and in the cylinder machine a 


single flap passes from the lower side of the rubber over the cylinder, 
to just above the brass points. 




















YN 











jo 

















The machine by which the most powerful results may be obtained 
is known as the Holtz machine, represented in Fig. 310. Its action 
depends wholly on induction.t 


* The rubber of an electrical machine consists of a cushion stuffed with hair, and 
covered with leather or some substance which readily generates electricity by friction. 
The efficiency of the machine is greatly increased by covering the cushion with an 
amalgam or mixture of mercury, tin, and zinc. The best composition of the amalgam 
is two parts, by weight, of zinc, one of tin, and six of mercury. ‘The mercury is added 
to the mixture of the zinc and tin when in a fluid state, and the whole is then shaken in 
a wooden box until it is cold; it is then reduced to a powder, and mixed with a suffi- 
cient quantity of lard to reduce it to the consistency of paste. A thin coating of this 
paste is spread over the cushion. 

t The Holtz machine consists of two glass plates, A and B, fixed upon an insulated 
stand. The plate A, which remains stationary, is pierced by two apertures, which are 
partly covered on the back by thick bands of paper, fand_/’, which have points pro- 
jecting in the direction opposite to that in which the smaller glass plate, B, revolves. 
These papers are called armatures. On the other side of B is a pair of brass rods, 
with combs, P and P’, attached. These rods form the conductors of the machine. 

Suppose one of the paper strips, 7’, to be charged with negative electricity by con- 


dry and clean, because dust or moisture would, by t 
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: art must be 
ae ica machine in good order, every P 
o put the electrica: ma g ace 


p ower, diffuse 

the electric fluid 

as fast as accu- 
mulated. As a 
general rule, it 
is highly essen- 
tial that the 
atmosphere 
should be in a 
dry state when 
electrical exper- 
iments are 
made, as the con- 


ducting prop- 
erty of moist eZ 
(_————$——SSSS= y 


: é ||| 
i ents the 2M Co 2a 
a ae tion of ie ~~ oo 
a sufficient == 
amount of elec- Wg 
tricity for the i 
production of FIG. 310. 


striking effects. c 
a Various other arrangements have been devised for the pr 


Ee ane 3 
duction and accumulation of electricity. High puessu Can a steam- 
steam escaping from a steam-boiler carries with it minute poiler be 


apa ie inst the used as an 
particles of water; and the friction of these aga geese 


surface of the jet from which the steam issues produces | i cnine? 
electricity in great abundance. a 


tact with a plate of vulcanite: it will draw positive electricity from the oN ie 

P’. and cause this fluid to spread over the nearer side of the mova ‘ p 
Rue if n turning, this positively charged portion will come opposite t e nex 
ae eae iS fixed plate; and the repulsive action of the positive ea ee 
ie will cause other positive fluid to be repelled from ans further side of t . aes 
ae plate, and enter the point projecting from the ae S; at a“ seuss ae 
this strip positively. This positively charged strip 0 Bene Pe ae ee 
revolving disk exactly as the negatively charged one did before, 


p > 
, oes 5) 9 


i i is point, by which 
cite negatively the outer side of the revolving plate as it passes ine point, by 
means negative electricity will be carried to the next strip 01 paper, ie 
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Discharging-rods are brass rods terminating with balls, or with 
PORTE tate points, fixed to glass handles, 
dischar- With these rods electricity may 
ore Oca be taken tones conductor with- 
out allowing the electrical charge to pass 
through the body of the operator, because 
the metal is a better conductor of electricity 
‘than the body. Their construction is shown in 
Pigs 311, | 
An instrument called the “universal dis- 
used to convey strong charges of electricity through various 


substances, is represented by Fig. 312. It consists of two glass stand- 
ards, through the top of which 


two metallic wires slide freely; 
these wires are pointed at the 
end, ¢, but have balls screwed 
upon them; the other ends are 
furnished with rings. The balls 
rest on a table of boxwood, into 
which a slip of ivory or thick 
glass is inlaid. Sometimes a press, p', is substituted for the table, 


between which any substance necessary to be pressed, during the 
discharge, is held firm. 


charger,” 


725. An Electrophorus is a simple apparatus, in 


which a small charge of electricity may be 
What is an . ; : 
electro- generated by induction; and this, commu- 


horus ? : . ° 
3 nicated successively to an insulated con- 


ductor, may produce a charge of 
indefinite amount. 


It consists of a circular cake of resin 

Describe the (Shellac), (Fig. 313), laid upon 

action of a metallic plate; upon this 

the elec- cake, the surface of which has 

tenons: been negatively electrified by 

Bie. ' rubbing it with dry silk or fur, is placed a 
metallic cover, somewhat smaller in diame- 


ter, and furnished with a glass insulating handle. 


The negative 
electricity of the resin, 


by acting inductively upon the two electricities 
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iti ing attracted 
combined in the cover, separates them, — the pelts 2 = ee, 
P the negative repelled to Be 
the: under surface, and ae 
eat the cover with the finger, all the negative ee oe. 
escape and the positive electricity alone remains. If we no 
? 


the cover by its insulating handle, the posi- 

tive electricity, which was before held at 

the lower part of the cover by the eee | 

tive action of the resin, will become free, an | 

may be imparted to any insulated conductor eo 


adapted to receive it. eke ce ate cake loses none of its 
indefinitely, as the 
may be repeated in 


i i con- 
lectricity, but simply acts by induction, and thus an ne aides 
ae ray be charged to any extent. Fig. 314 shows the 
tion of electricity in the electrophorus. 


726, An Electroscope is an instrument employed 
to indicate the presence of free electricity. What is an 
It usually consists of two light conduct- ae 
ing bodies freely suspended, which in their natu 
; | state hang whatis the 
: ] construction 
vertical y of an elec- 
and in con- troscope ? 
tact. When electricity 
is imparted to them, 
they repel each other, 
and the amount of their 
divergence is propor- 
i tioned to the quantity 
: — of electricity diffused 
Ww on them. 
The simplest form of the 
electroscope, called the “ pith- 


ball electroscope,” consists of two pith-balls eles 8 Se eae 
When an excited body is presented, the balls will be! rst a ce cee 
immediately acquiring the same degree of Ecos ate foe 
body, they repel each other. Fig. 315 represents a dell 
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Scope; two slips of gold-leaf, z x, being substituted for the pith-bal]s. 
If an excited substance, A, be brought near the cap of brass, the 
leaves will instantly diverge. The best electroscopes are carefu]] 
insulated, so that the electricity communicated to the balls or leaves 
may not be too soon dissipated. 


Electroscopes merely indicate the presence of an 
electrically excited body: they do not measure the 


quantity, either relatively or absolutely, of the elec. 
tricity in action. 


727. An Electrometer is an instrument for measur- 


Whatisan ing the quantity of elec- 


electro- tricity. 
meter ? 


The most simple form of the 
electrometer is represented in Fig. 316. It con- 
sists of a semicircle of varnished paper, or 
ivory, fixed upon a vertical rod. From the 
center of the semicircle a light pith-ball is sus 
pended, and the number of degrees through 
which the ball is attracted or repelled by any body brought in prox- 
imity to it indicates in a degree the active quantity of electricity 
present. No very accurate results, however, can be obtained with 
this apparatus; and for accurate investigation instruments of more 
ingenious and complicated construction are used. 





The electrometer usually employed for measuring 
with great accuracy small quantities of electricity is 
that of Coulomb’s, usually called the Torsion Balance. 


The construction of this instrument is as follows: A needle, or stick 
Explaintne of shellac, bearing upon one end a gilded pith-ball, is 
construction Suspended by a fiber of silk within a glass vessel: the 
of the tor- needle being so balanced, that it is free to turn horizon- 
sion balance. ° : : ° : 
tally around the point of Suspension in every direction. 
When the pith-ball is electrified by induction, the repellent force causes 
the needle to turn round, and this produces a degree of torsion, or 
twist, in the fiber which suspends it; and the tendency of the fiber to 
untwist, or return to its original position, measures the force which 
turns the needle. Within the glass vessel, which is cylindrical, a 
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graduated circle is placed, which measures the angle oes 
the needle is deflected. In the cover of the vessel an aperture 1s 
made through which the electrified body 
may be introduced, whose force it is 
desired to indicate and measure by the 
apparatus. Fig. 317 represents the con: 
struction and appearance of the torsion 


balance. 


By means of the torsion 


balance, Coulomb. 47.7.5 —— mane 
tant lav : | HOTTA A } | 
proved t h a t t h € a electricity : ee 


lectrical has been 
law of e proved by Ne ee 
attraction and Te- the torsion if ll 
ees : balance ? Hi SN ay 
pulsion, as influ- SS 
enced by distance, is the same = 
as the law of gravitation ; that 
is, the force varies inversely 
as the square of the distance. 
728. The Leyden-jar is a glass vessel used for the 
purpose of accumulating electricity derived whatisa 


: Leyden-jar? 
from electrically excited surfaces. 
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The Trine of the Leyden-jar may be best Rec ee oat 
inati ” This consists o 
is called the “fulminating pane. T 
Tees 28s having a square leaf of tinfoil attached to each 
. , 
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side. One of these sheets is connected by a strip of tinfoil to a 


Explainthe Ting on the frame, so that connection with the ground 
action and — can be made by means of a chain. If the insulated 
Ae side be brought into contact with the prime con- 
minating ductor of an electrical machine, the plate will become 
pane. charged. 
The Leyden-jar is constructed upon the same principle as the 
In what coated pane; and its. discovery, accompanied with the 
mannerwas first experience of the nervous commotion known as 
ba Rie ee the electric shock, occurred in this way: In 1746, while 
den-jar first Some scientific gentlemen at Leyden, in Holland, were 
made amusing themselves with electrical experiments, it oc- 
ING curred to one of them to charge a tumbler of water with 
electricity, and learn by experiment whether it would affect the taste. 
Accordingly, having fixed a metallic rod in the cork of a bottle filled 
with water, he presented it to the electrical machine for the purpose 
of electrifying the water, holding at the same time the bottle in his 
hand by its external surface, without touching the metallic rod by 
which the electricity was conducted to the water. The water, which 
is a conductor, received and retained the electricity, since the glass, a 
non-conductor, by which it was Surrounded, prevented its escape. 
The presence of free electricity in the water, however, induced an 
opposite electricity on the outside of the glass; and when the operator 
attempted to remove the rod out of the bottle, he brought the two 
electricities into communication by means of his hand, and received, 
for the first time, a severe electric Shock. Nothing could exceed the 
astonishment and consternation of the operator at this unexpected 
Sensation; and, in describing it in a letter immediately afterward to 
the French philosopher Réaumur, he declared that for the whole king- 
dom of France he would not repeat the experiment. 

The experiment, however, was soon repeated in different parts 
of Europe; and the apparatus by which it was produced received 
a more convenient form, the water being replaced by some better 
conducting substances, as metal-filings, for which tinfoil was after- 
ward substituted. | 

The Leyden-jar, as usually constructed, consists 
Describe the Of a glass jar, Fig. 319, having a wide 
ofthe Ley. mouth, and coated, externally and inter- 


den-jar. nally, to within two or three inches of the 
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rg 

mouth, with tinfoil. A wooden cover, ne see 
9 . E 

i into the mouth of the Jar, 
ished, is fitted into 7 : ‘ 
: niche stout brass wire, furnished with a ball 
4 ses, having a chain or wire attached to its lower 
2 = as to be in contact with the inside coat- 
end, 


ing. 

meus d by 
A Leyden-jar is charge $ ) 
ball at ihe end of the rod of the jartoa oo. 


ica. hine Leyden-jar 
prime conductor of an electrical mac cee 


in action, or to any other excited surface. Can 
‘ ° e c 

To charge a jar strongly, it 1s necessary that the ae 

side coating should be directly or indirectly connec 


with the ground. 


ici jar, it di s itself 
When a spark of positive electricity enters the Jar, 1t diffuse 


This electricity, ae j fj} 
5 i at- — oN ©) LO. 
by induction, =i . & | 


tracts from the = (et Ox Cae 
ground on to \ 

the outer sur- 

face of the glass 

a nearly equal 

quantity of neg- 

ative electricity. 

By this means a 

large quantity of 

electricity may 
be stored in the sides of the Jar. 
the surface of the glass. The RENE O as 
fore depend upon its size, or extent of su 5 


presenting the brass 


The electricity resides wholly on 
f a Leyden-jar will there- 


e e ss a 
729. A Leyden-jar 1s discharged by bee 
communication between the outer an How ie te 
On- Leyden- 
inner surfaces by means of a good c Leyenda 


ductor, as the discharging-rod. Care must 
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de taken to touch frst the outer coatin 
smart shock will be felt. " 


730. A combination of Leyden 


otherwise a 


‘Jars, so arranged 


What is an that they OE be at charged and di 
1S- 
eee constitutes an electrica] 
Aas y. Ihis may be effected by formin 
Nn between all the wires proceeding f : 
rom 


electrical a 
aes charged together, 


the interi. 
ors of the 


a (= jars, and 


il es... = =  } ——<—<———— ° 
Nt Geet Srim= <7) necting al] 


nt i ail ao their exterj- 
! or coatings, 

Such an ar. 

rangement js 

represented by 

Fig. 320. The 

discharge of 


number of the jars j . 
jars 1s considerable i ; 
be melted » animals may be killed - 
731 Bi oe other effects produced, analogous to ee ee 
! y means of an electrical machine and the Leyden oe se 
vilvjal, Many 


won performed. 

rate e 

attics The phenomenon of the repulsion of substances sim} 
S Simi- 


and i i 
nd tepasive ee electrified may be illustrated by means of a doll’ 
ieee hie ; us covered with long hair. When this is attach 4 , : 
€ prime conductor of an i Sata 
elec : i : 
pe erect, and give to the head a most e ee ey nei ha 
ee t (see Fig. 321). The same thing ma 
on a stool with glass leg 
: Ss, so that he b 
ie 8S, e perfectly insula 
g hold in his hand a brass rod, the ae end ae 
vhic 


touches the prime 

conductor; then, on turni 

pane urn . 
of the head will fiveice weal fee, hee Ing the machine, the hairs 


xaggerated appearance of 
y be shown by placing a per- 
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Ifa small number of figures are cut out in paper, or carved out of 


pith, and an excited glass tube be held a few inches above them on a 

table, the figures will immediately com- 

mence dancing up and down, assuming 
a variety of droll posi- 
tions. The experiment 
can be shown better 
by means of an elec- 
trical machine than 
with the excited tube, 
by suspending horizon- 
tally from the prime 
conductor a metal disk 
a few inches above a 
flat metal surface con- 
nected with the earth, 

Fic. 321. ; 

on which the figures 
are placed. On working the machine, the figures 

will dance in a most amusing manner, being alternately attracted and 

repelled by each plate (see Fig. 322). 

The electrical bells, Fig. 323, which are rung by electric attraction 
and repulsion, are good illustrations of these forces. ypat is the 
Where three bells are employed, the two outer bells, A experiment 
and B, are suspended by chains, but the central one and 0f the elec- 
the two clappers hang from silken strings. The middle tical pels 
bell is connected with the 
earth by a chain or wire. 

Upon working the machine 
the outer bells become posi- 
tively electrified, and the 
middle one, which is insulated 
from the prime conductor, 
‘becomes negative by induc- 
tion. The little clappers be- 
tween them are alternately 
attracted and repelled by the 
outer and inner bells, produ- 
cing a constant ringing as long as t 
It was by attaching a set of bells of 
ductor, that Dr. Franklin received notice, 
sage of a thunder-cloud over his apparatus. 


he machine is in action. 
this kind to his lightning-con- 
by their ringing, of the pas- 
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732. When a current of electricity 
What effect a good conductor of suffici 


has elec- 


tricity upon Off the whole quantity of 
peenet??! the iconductormiss-not apparently affected 
by its passage; but if the conductor is too small, or 
too imperfect to transmit the electric fluid readily, 
very striking effects are produced, the conductor 


being not untfrequently shivered to pleces in’ an 
instant, 


passes through 
ent size to carry 
electricity easily, 


The mechanical effects exerted by electricity in Passing through 


imperfect conductors may 
Dy aSt be illustrated b man 
experiments ~ y y 
illustrate the Simple experiments. If we 


mechanical transmit a Strong charge 
effects of 


electricity? Of electricity through wa- 

ter, the liquid will be scat. 
tered in every direction. A rod of wood 
half an inch thick may be split by a 
Strong charge from a Leyden-jar, or bat- 
tery, transmitted in the direction of its 
fibers. If we place a piece of dry writ. 
ing-paper upon the stand of a universal 


discharger, and then transmit a charge 
through it, the electricity, if sufficiently strong, will rupture the paper. 


If we hold the flame of a candle to a metallic point projecting from — 
the prime conductor of an electrical machine in action, the current of 
air caused by the issuing of a current of electricity from the point will 


be sufficient to deflect the flame, and even blow it out (Fig. 324). 
733. The passage of electricity from one substance 


Hotes 10 another is generally attended with an 
electricity evolution of heat ; and a current of elec- 


evolve heat ? eae « ° 
tricity passing over an Imperfect con- 
ductor raises its temperature 


This heat is due to the resis 


tance offered by the conducting sub- 
Stance to the passage of the electricity, | 
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gh small metal wire 


7 throu : 
If a small charge of electricity be passed thr nsibly elevated; if 


few inches in length, its temperature will be se Tee 
Fete oe be increased, the wire may be made re , 
the 
Be tor ee of electricity suffer much greater ce 
Heute same charge than the best conductors. The . ve 
en vhich only elevates the temperature of one a u 
a Rpeabacks render another red-hot, and will volatilize a third. 
will so 


The heat developed in the passage of Sas 
through combustible or explosive substances 
co) 


ustion or 
re imperfect conductors causes their comb 
a 


losion. | ) 
a charge of a Leyden-jar be passed eouen ay Se 
siler the powder will be scattered, but will n 
Se stride be added to the wire, 
the current will be see, 
the powder ignited. 
Bea ot alcohol may be also 
fired by passing through it an 
electric discharge. Let cold 
water be poured into a wine- 
glass, and let a thin stratum of 
ether be carefully poured upon 
it. The ether, being lighter, 
will float on the water. By 
means of a Leyden-jar a charge 
may be passed through the bs 
sel, and the ether will be ignite 
(Fig. 325)- 
a person standing on an 
ee stool touches the prime on nS = Hs 
the other transmits a spark to the or 


h will be ignited. 
; ing, the gas will be ign ; id 
a he eieer Be aetese upon a dry woolen carpet, sufficient ¢€ 

y the 


smit a spark to 

tricity may be often excited in the human body to tran 
rici cite | 

I d thus ignite the gas. sick soa 
: ee candle with a long snuff, that = ue oe 

= a near A a prime conductor, so that the spar Z Eanes 

oad j for through the smoke, to the candle, it may 
conductor, 


nto some 


h one hand, and with 
pipe from which a 
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734. Electricity in its motion over imperfect con- 


[eee ductors, or from one conducting substance 


tric fluid to another, is generally attended with an 
luminous ? enigeses . ; 
exhibition of light. 


The strongest electric charges that can be accumulated in a body 


Must light will never afford the least appearance of light so long as 


beregarded a State of electric equilibrium exists, and the electric 


aS a property fluids are at rest. Light, therefore, must not be regarded 
of electricity? 


as a property of electricity, but as the result of a dis- 
turbance occasioned by electricity. . 
The fur of a cat sparkles when rubbed with the hand in cold 
Why does. Weather. The reason of this is, that the friction between 
thefurofa the hand and fur produces an excitation of negative 
cat sparkle ? electricity in the hand, and positive in the fur, and an 
interchange of the two is accompanied with a spark, or appearance of 
light. 
When the finger, or a brass ball at the end of a rod, is presented 


Wihaticthe. 00 the prime 
form of the conductor of 


ting oe =e te an electrical 
sen iin moe Se ee AG pee park? : : 
=i , Pili 2 machine in 
3 rrr | action, a spark is produced 
Se | ce by the passage of the fluid 
from the conductor to the 
finger or the metal. This 
spark has an irregular zigzag form resembling more or less the appear- 
ance of lightning, as shown in F ig. 326. 


The length of the electric spark will vary with the 
Upon what power of the machine. A very powerful 
enon machine will so charge its prime conduc- 


the electric 


seaie tor, that sparks may be taken from it at 
depend? the distance of thirty inches. 


Horace = If the part of either of the electrically excited bodies: 
pointinflu- Which is presented to the other has the form of a point, 


ence the the electric fluid will escape, not in the form of a 
appearance 


spark, but as a brush or pencil of light, the diver- 
of thespark? “+ ; ; 
ging rays of which have sometimes a length of two or 
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‘ h and 
hree inches. Fig. 327 represents this appearance. i ae light 
neil of light are composed of a number of ee eas 
Bis at times on the spars of vessels, and known as 5t. 

S 


is of this nature. : 


The rapidity of the electric light is marvelous ; 


and it has what is the 
duration of 
been CX- the elec- 
periment- tric spark ? 
ally shown that the 
duration of the light 
of the spark does 
not exceed the one- 


millionth part of a second.” 


heatstone of 
. : demonstrated by Mr. W 

ement by which this fact was eer Rit 
; in F as ie as follows: Considerable lengths of hee res is a 
mee neneae employed) are so arranged that three small ie sate ere AA 
ae Ss oe near the outer coating of a Leyden-jar, one near the c 

tinuity, — 


a € 


inner coating, another in the 


itation 
seen at every discharge, one at the break oe ee Re aoe re aes 
puddle oli pate eT ee eee Exactly opposite to this wes ae 
Been Bee “ ed on an axis, and made to revolve parallel fe the line of the 
i ee ~ spark of light is viewed in a rapidly revolving mirror, a long 
oe ae NG; a nett It will be obvious that three lines of light will be a 
a : Eee irror every time a discharge takes place, and that, if the first or a 
i Pie cake erie portion of time, these lines must begin at different points 
as 
Se ee . 
: see the mirror revolved slowly, the position of the rae ay 
===>; but when the velocity was increased, they appeare Fears ait) 
those produced by the sparks at either end of the wire being ate | hea 
: lved at the break in the middle being slightly behin ee 
aa ea he s that the disturbance commences simultaneously at eit ° : e 
eso this i Toke toward the middle. This has been adduced in proof o t a : 
: ea cates thus determined that electricity moves through copper wire A 
ee ee iles ina second. It will be evident to any one renee he 
ee pees ae “ai of the line seen in the speculum depends on the duration ao 
Dae a tian ae was made to revolve eight hundred pee ue : 
ae i eared to the eye o 
ee ey an ie its duration was ener 
ae _ a oe of the electric light varies with the wee avon ae 
aS i j i face of eleve 
mbia College, with a jar having a sur | 
ioe gies of a spark was only forty-billionths of a second. 


nes was uniform, thus 
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-735- When the continuity of a substance conducting electricity’ js 
interrupted, a spark will be produced at every point where the course 
of the conductor is broken. pag ese a tes ane 
oN great variety of beautiful experiments may be performed ‘to ‘illus. 

; trate this principle. Thus, upon 

a piece of glass may be placed 

at a short’ distance. from each 

other any number of bits - or 

pieces of, tinfoil, as is represented 

by Fig. 328; when the metal at 

Das either ‘end is connected with the 
‘prime conductor of an electrical machine, the sparks will pass from 
one piece of tinfoil to the other, and form a stream ‘of beautiful light, 

By varying the position of the pieces of tinfoil, letters or any other 
devices may be exhibited at the plea ; 

In a like manner, by fastening by 
.Of pieces of tinfoil upon 
the interior of a tube, 
as. i$ Teptesented in Nigienst “ek hoe 
‘329, 2 Serpentine line of | 


fire may be made to pass from one end of the tube to the other. 


sure of the operator. — se 
means of lac-varnish a spiral line 


“736. The intensity of the electric light depends 
aa ane both upon the density of the accumulated 
‘does the electricity, and the density “and nature of 
aendinret ah ae | Sie ee 
theelectric the aérial medium through which the spark 


light d d? 
algnt depen passes, 


“~~ Thus, the electric light, in condensed air, is very bright ; and ina 
Yarefied atmosphere it is faint and diffusive, like the light of the aurora- 
borealis; in carbonic acid gas the light is white and intense; it is red 
and faint in hydrogen, yellow in steam, and green in ether or alcohol. 

If, by means of an air-pump, the air is exhausted from. a long 
Hoe mae cylindrical tube closed at each end with a metallic cap, 
the auroral and a current of electricity passed through it, an imita- 
light be tion of the appearance of the. aurora-borealis is. pro- 
ee oe -duced.: When the exhaustion of the tube is nearly ‘pet- 
fect, the-whole length of the tube will exhibit a violet-red light.’ ‘Tfa 
small quantity of air be admitted, luminous flashes will be seen’ to 
issue from points attached to the caps. As more and more air is 








. I 
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‘tted, the flashes of light which glide in a serpentine sie ie . 
f, - f the tube will become more thin and white, until é be 
a Be city will cease to be diffused through the column of alr, 7 
ropes as a glimmering light at the ie 

oints.. The apparatus for studying t oy 
Effects is shown 1n Fig. 330 It ae e 
a glass globe, furnished with a stop-cock, . 
that it may be attached to an air-pump. a 
js attached to a prime conductor of an s 
trical machine by means of the ring tn 

Sealed glass tubes containing vapors « 

gas in a very rarefied state are known as 
Geissler’s tubes. By passing an elecune 
spark through them, a variety of effects in 
colors and brilliancy may be produced. 


737. In the processes hith- 


i ] ctri- What are 
erto described, ele eines: 
city has been developed active agents 


Ca eee oe in nature in 
by friction. In nature. eric 
the agents which are electricity? 
undoubtedly the most active in 
producing and exciting electricity 
are the light and heat of the 
sun’s rays. oe 
or sta ; ear 
~The change of form | 
in bodies is also one of the most powerful FCoE 
) mad e . it f | 
of exciting electricity | - 
: Wr; ter, in passing into steam by artificial heat, or in evanoreune ey 
th wiser of the sun or wind, generates large quantities of electricity. 
€ 


ae é 
The crystallization of solids from liquids, all changes of ct Boman 
instrumental in p! 
f vegetables, are also ins 
the growth and decay o 


cing electrical phenomena. < ae 
| - = oes vital 
Vital action, and all muscular _move- soe seu: 


. : velop or lar action 
ments in man and animals, Geve re excite elec- 


produce electricity : it may also be shown tricity 2 














































































































































































































452 NATURAL PHILOSOPHY. 


by direct experiment that a person can not 


contract the muscles of the arm without exc 
an electrical action. 


even 
iting 
Certain animals are gifted with the extraordinary power of Prody. 
cing at pleasure considerable quantities of electricity in their Systems 
. . . . ‘ ? 

and of communicating it to other animals or substances. Amon, 
these the electrical eel and the torpedo are most remarkable, the 
former of which can send out a charge sufficient to knock down and 


stun a man or a horse. The electricity generated by these anima]s 


appears to be the same in character as that produced by the electrica] 
machine. - 


SECTION I. 


ATMOSPHERIC ELECTRICITY. 


738. Electricity is always found in the alr, and 
Doeselec- appears to increase in strength and quan. 
iaieaenese Vicy, with che altieade: 
phere i It is sometimes different in the lower 
regions from what it is in the upper, being positive 

in one and negative in the other; but in 
of electricity the ordinary state of the atmosphere its 
is diffused aes Bienes : pan 
through the electricity is Invariably positive, | | 

here? ; 

crease When the sky is overcast, and the clouds 
are moving in different directions, the atmosphere is 
subject to great and sudden variations, rapidly chan- 
ging from positive to negative, and back again in the 
space of a few minutes. 

The principal causes which are supposed to pro- 
What issup- duce electricity in the atmosphere are, 
posed to : ’ 
ak te Evaporation from the earth’s surface, 
pee : 
aes © Chemical changes which take place upon 
phere ? the earth’s surface, and the expansion, 


What kind 
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ndensation, and variation of temperature, of the 
Pe Gspherc and of the moisture contained in it. 
a 


. . . e it 
hen a substance is burning, positive electricity escapes ee 
ve atmosphere, while the substance itself becomes Beas 
, 0 
EP rified Thus the air becomes the receptacle of a vast amoun 
elec : 


ositive electricity generated in this manner. 
IY 


Lightning is accumulated electricity, generally dis- 
harged from the clouds to the earth, but sometimes 
C 5 


from the earth to the clouds. 


roe ak i 
In the lower regions of the atmosphere lightning is ve < 

he higher and more rarefied regions it is pink. This fac 

We dance with the experiment described in § 736. 

a 


739. The identity of lightning and electricity was 
srst established by Dr. Franklin, at Phila- 510 oct 


established 
delphia, in 1752. the identity 


The manner in which this fact was demonstrated was oF ghtnine 
as follows: Having made a kite of a large fe caieres tricity ? 
ee een aa ane oe ri raised it upon the 

s 1 i ead W ’ 
ee oe ee A key was attached to eeaies 
oe d of the hempen string holding the kite, and pees ae a 
the Honey i d of a silk ribbon was tied, the other end °*P . 
7 : ae a. to a post. The kite was now insulated, and the expert 
as a Seer time awaited the result with great solicitude. 
oat iene of electricity began to appear on the string , and, ie 
Wee presenting his knuckle to the key, he pecened 2 ae ates 

in, beginning to descend, wet the string, increase@ 1 nies 

ae vivid sparks in great abundance flashed from the Ba : ilk 
: . -d charged Leyden-jars with lightning, and made ot her expert» 
e ee r to.those usually performed with electrical machines. 
ments,. oe aa as thus performed, was one of great sls and 
; The expe Be nee amount of electricity contained Why was 

eo i from it, by means this experi- 
in the thunder-cloud was liable to pass i es event OHe et 
of the string, to the earth, notwithstanding the use. wreatdaneer? 
the silk insulator.* : 


it line ind te LI l ng ? I d im 1 ich n t 1c cr -55 5 darted SE OI tamecously with 
? 


Re EN OM 





men ae AO 
a so inryremamnertat alerts ee TE 
Sree ene es 





a . = = EEE 
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- -From whatever cause electricity is present in the air, the clo 
What i the appear to collect and retain it; and when two loam 
cause o charge i i iciti : 
ee ae g with opposite electricities approach one another 
Ischarge takes place. In this way the electricjt; 
neutralize one another, and an equilibrium is restored. 4 
Under what When a cloud highly charged with electricity is ne | 
eirguin: to the earth, the surface of the earth, for a great exte 4 
ma . i . ° n 
ae icne. : y aise become highly charged by induction; and when 
ninnente the tension of the electricity becomes sufficiently area 
from the or the two electric surfaces come sufficiently near, a flash 
). 


earth to the of lightni 
aleudee § ng not unfrequently passes from the ear 
eae the clouds. | earth tg 


BOTAN (Ag: Lightning has been divided into 
lightning three kinds; viz., zigzag or chain lightning 


are there ? sheet-lightning, and ball-lightning. 


The zigzag, or forked appearance of lightning, is believed to be 
Expl Bae occasioned by the resistance of the air, which diverts she 
cause of fhe eae current from a direct course. In a vacuum 
ae ightning passes In a Straight line. The globular form’ 
Bienes. of lightning, sometimes observed, is not Satisfactori] 
Sen es for. What is called “sheet,” or “ hea 

‘ning, etimes the reflection in the atmosphere of lightning 
very remote, or not distinctly visible; but generally this phenome e 
occasioned by the play of silent flashes of electricity pence 


clouds, the amount of electricity developed not being sufficient to pro. — 


duce any other effects than the mere flash of light. A flash of light 


ning is often several leagues in | 
bee ength, and lasts le : 
thousandth part of a second. , = than the one- 


Whatisthe . 741. The usual explanation of thunder. 
cause of - iS it j e 
ca aa z ae it 1s due to a sudden displacement. 
Ol the particles: of air (by the ‘slaciae 
Pe ery i - SS ny : él 4 
current. : aoe 
pees and thunder are always simultaneous ; but. ewihe to the 
iterence in their rate of speed, the sound is usually heard some sec- 


louc ) i 

ee pene from the end of the string confining the kite, During the succeeding 
ae ; 9 se Richman of St. Petersburg, in making experiments~somewhat ae 
aving his apparatus entirely insulated, was immediately killed , 
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onds later. If the lightning occurs at a distance of fourteen or fifteen 


miles from the observer, no sound is. heard. 
The rolling of the thunder has been ascri 
but this undoubtedly is not the only cause. The rolling of thunder 1s 


perfectly at sea as upon land; but. there none of the causes 
uce echo, as mountains, hills, 


bed to the effect of echo, ° 


heard as 
which are generally supposed to prod 


buildings, &c., are present. . : 
742. A knowledge of the laws of electricity has. enabled man to 


protect himself from its destructive influences. Light- Wie 
ning-rods,.or conductors, were first introduced by Dr. jightning- 
Franklin. _He was induced ‘to recommend their adop-- conductors — 
tion asa means of protection to buildings, &c., from eas : 
observing that electricity could be. quietly and gradually a 
withdrawn from an excited surface by means of a good conductor, 


which was. pointed at its extremity. : 

~ As ordinarily constructed, a lightning-conductor » 
consists of a metal rod fixed in the earth, whatisa - 
running up the whole height of a building, ee 


and rising to a point above ate Bs 
, oe the ground as to - 


It ought to extend so far below the surface of 
réach: water, or earth that is permanently damp. It 1s, moreover, a P 


lightning-rod in powdered charcoal, :: 


good plan tobury the end of the | 
the iron from rust, and facilitates the © 


since this preserves in a measure 
passage of the electricity. 


. A lightning-conductor of sufficient size is believed 


to protect a circle, the diameter of which ‘what space 
Gere eee tog sacar will a light- 


is four times the length of that part Or the ramenede 
eres ne = e e . : ? ; 
rod which rises above the building. ‘Thus, piotech 
‘if the rod rises two feet above the house, 1t will pro- 
téct the building for (at least) eight feet all round... 
.: A lightning-conductor may be productive of harm in two ways: if > 
the rod: be.:broken .or disconnected, the electric fluid, When may 
being obstructed in its passage, may enter the building; a lightning- 
and, if the rod be not large enough to conduct the whole ae Ve Lave 
BAe ok, 5 : aa -ducti 
current to the earth, the lightning will fuse the metal, harm? ce 


and‘enter the building. 
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atmosphere ; 
igher regions of the 
A lightning-conductor protects a building, even when no visible rents through the h 5 5 What is the 


= being pro- 
discharge takes place. For the electricity of the earth, Opposite jn | the different colors manifested a a na iene 
quality to that of the inducing cloud, flows from the point of the con- . duced by the passage Of the electhiciyy, aun 
ductor, and neutralizes the electricity of the cloud. hrough air of different densities. 
743. AS regards safety in a thunder-storm, it is prudent, if out of t 8 h hemisphere the aurora always 
doors, to avoid trees and elevated objects of every king In the northern hern 
What places eae: = ees th; but in the southern 7) eee 
reesta: which the lightning would be likely to strike in its Pas- J appears in the north ; Tt: themes 
and what Sage to the earth. A stream of water, being a good _ isphere it appears in the south. appear? 
dangerous, ; - i hemisp ] of 
conductor, should be avoided. Fs ear the poles 
seems to originate at orn 


ee nest: If within doors, the middle of a carpeted room is q ently seen in its greatest 
tolerably safe, provided there js no lamp hanging from | the earth, and is SOnerereel yy; He Gielen 
the ceiling. It is prudent to avoid the neighborhood of chimneys, . = erfection within the Arctic and Antarc 
because lightning may enter the room by them, soot being a good con- | P 7 
ductor. For the same reason, a person should remove as far as Possi- 
ble from metals, mirrors, and gilt articles. The safest position that can 
be occupied is to lie upon a bed in the middle of a room; feathers and 
hair being excellent non-conductors. In all cases, the position of 
safety is that in which the body can not assist as a conductor to the 
lightning. The position of surrounding bodies must therefore be 
attended to, whether a person be insulated or not. 

The apprehension and solicitude respecting lightning are propor- 
tionate to the magnitude of the evils it produces, rather than the fre- 
quency of its occurrence. The chances of an individual being killed 
by lightning are infinitely less than those which he encounters in his 
daily walks, in his occupation, or even during his sleep, from the 
destruction of the house in which he lodges, by fire. 
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744. The mechanical power exerted by lightning 
Whatare 1$8 enormous, and difficult to account for. 
tae eee Te produces the same effects as the electric 


lightning ? battery, but in a far greater degree. 





























It magnetizes iron, kills men and animals, inflames combustible The aurora is not a local phenomenon, but is seen me 
matter, and melts metals. After the Passage of lightning, a peculiar t places widely remote from each other, as in Europe an aaad 
odor is perceived, due to the formation of ozone, a peculiar modifica- # : a general height of the aurora is supposed to be between O ee 
tion of oxygen. The presence of this substance is often also noticed | se ne miles above the surface of the earth; but it someti 
when an electrical machine js worked. j Bye aan 











ithi f the clouds. 
ars within the region o is 
eh ees occur more frequently in the winter than in the ; 





745. The phenomenon of the aurora-borealis is 
Supposed to be due to the passage of electric cur- 
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magnetic needle and the electric tele 
occasioned in these instruments are n 
there can be no doubt of the oc 
The intense light of the sun oe 
ble during the day. ) 
The accompanying figure (331) 
of the auroral phenomena. : 


graph; and, as the disturbanc 

oticed by day as well as by ni o | 
ase rence of the aurora at all hoes 
ver, renders the auroral light invisi 


represents one of the most beautify] 


CHAPTER XVI. 
-GALVANISM. 


746, ELECTRICITY excited or produced by the 
chemical action of two or more dissimilar ... 43. 
substances upon each other is termed galvanic 
Galvanic or Voltaic Electricity; and the de- eae 
partment of physical science which treats of this 
form of electrical disturbance is called Galvanism. 

The most simple method of illustrating the pro- 
duction of galvanic electricity is by placing whatsimple 
a piece of silver (as a coin) on the tongue, expeamens 


e : illustrates 
and a piece of zinc underneath. So long. the produc- 
h ] k d tion of 
as the two metals are kept asunder, NO galvanic 
effect will be noticed; but when their ends (“o 
are brought together, a distinct thrill will pass 


through the tongue, a metallic taste will diffuse itself, 


and, if the eyes are closed, a sensation of light will 


be evident at the same moment. 


-- This result is owing to a chemical action which is developed the 
moment the two metals touch each other. The saliva of the tongue’ 
acts chemically upon, or oxidizes, a portion of the zinc, which excites’ 
electricity ; for no chemical action ever takes place without producing. 
electricity. Upon bringing the ends of the two metals together, a 


slight current passes from one to the other. ee 
Tf a living fish, or a frog, having a small piece of tinfoil on its back, 


be placed upon a piece of zinc, spasms of the muscles will be excited. 
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ta ; 
henever a metallic communication is 


tinfoil. made between the zinc and the 


y y 


how was 


CO Ww 
eae ntact, was first noticed by Galvani 
b 


electricity 


: rol 
Beer ae ofessor of anatomy 


in 1790, 


for illustratio 
n. ary to use th 
ee oon i ckaeniankia he happened to Suspend a sidnbet 
4 alcony, whe i : 
the limbs were thrown into ae ys n, to his great astonishment, 


Pp th 
>) 


cles and ner 
Vv 
sary to produce the convulsions GP oll that was neces: 


This singular action of electricity 
3 


erpeciieneles Mibited vita: 2, first noticed by Galvani, may be 


fficulty. Fig. 332 represents the 














at Bologna, I taly, 


nt . e 
convulsions. On Investigating the: 
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extremities of a frog, with the upper part dissected in such a way as to 
exhibit the nerves of the legs, and a portion of the spinal marrow. If 
we now take two thin pieces of copper and zinc, C, Z, and place one 
under the nerves, and the other in contact with the muscles of the leg, 
we shall find that so long as the two pieces of metal are separated, So 
long will the limbs remain motionless; but, by making a connection, 
instantly the whole lower extremities will be thrown into violent con- 
‘yulsions, quivering and stretching themselves in a manner too singular 
‘to describe. If the wire is kept closely in contact, these phenomena 
are of momentary duration; but are renewed every time the contact is 
made and broken. 

Galvani attributed these movements of the muscles to a kind of 
‘nervous fluid pervading the animal system, similar tO ») What 
the electric fluid, which passed from the nerves to the gid Galvani 
muscles, as soon as the two were brought in communica- attribute 
tion with each other, by means of the metallic connec- eee 
tion, in the same way as a discharge takes place between 
‘the external and internal coatings of a Leyden-jar. He therefore 
called the supposed fluid animal electricity. 

The experiments of Galvani were repeated by Volta, an eminent 
‘Italian philosopher, who found that no electrical or TALE ast 
nervous excitement took place unless a communication determined 
between the muscles and the nerves was made by two by Voltas 
different metals, as copper and iron, or copper and zinc. He consid- 
ered that electricity was produced by simple contact of the dissimilar 
‘metals, positive electricity being evolved from the one, and negative 
electricity from the other. 


The true cause of electrical excitement occasioned 
by the contact of dissimilar metals 1s NOW whatis the 
fully ascertained to be chemical action +o tessa! 


electricity 


and recent researches have also proved developed 
: : by contact 
that no chemical action ever takes. place of different 
without the development of free electricity. peg 
The electricity produced by chemical action has 
‘been termed galvanic or voltaic electricity, in honor 
of Galvani and Volta, who first developed its phe- 


nomena. 
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462 NATURAL PHILOSOPHY. 


The fundamental principle which forms the basis of the 


galvanic electricity is as follows: — SCE EEO 


_ Any two metals, or, more generally, any two differ. 


What princi- en di : 
iad iente t bodies which are conductors of elec 


basta of she tricity, when placed in contact, develo 

galvanic electricity by chemical action: BONE 
ity : 101 YUKA ; 

ee yi icelectricity flowing from the metal which is 

acted upon most powerfully, a iv icit 

ee y, and negative electricity 

In general, that metal which js acted upon ae 


What are 1 ot 
eee easily is termed the electro-positive metal 
: ; 


positiveand Or element; and the other, the electro 


eléctro- ‘ 
Bapetive negative metal, or element | 


elements ? ately ; 

te e electrical force or 1erat 

: power generat 

a this way is called the electro-motive bonis z 
if oe a bodies placed in contact manifest 
at t electro-motive forces, or d ‘differen 

cee | ; evelop. 

quantities. of electricity. perme 


~ Bodies , 
ie capable of developing electricity by contact may be arra He 
ach may In a series in such a manner that any one, placed i anged 
Odie : ; ’ €d 1n. con- 
s tact with another holding a lower place in the oe 
S, 


Capable of . . 
eeeine will receive the positive fluid, and the lower one th 
1€ 


n j id: 
seco negative Buds and, the more remote they stand from 
aya a 1 other in the order of the series, the more decided! 
SAREE wi ste electricity be developed by their contact ” 
ae is ae eit substances used for exciting gal- 
€ arranged in such a seri : 
lenduironvand sea series as follows: zine, ti 
’ mony, Copper silve . » Un, 
graphite. ony, Copper, suver, gold, platinum, and black-lead, or 
Thus zi , os 
sith aoe and ‘lead, when brought in contact, will produce elec- 
2: aac, he oe be much less active than that produced by the 
active th ¢ and iron, or the same metal and copper, and the last 1 
tod: m pep es and platinum, or zinc and graphite St less 
Sin tt pag sect 
‘ ee € production of galvanic electricity for practical purposes 
ary to have a combination of three different conduocaes: 
>) 
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or elements, one of which must be solid and one fluid, while the third 
may be either solid or fluid. 
The process usually adopted is to place between twO What is th: 


plates of different kinds of metal a liquid capable of practical 
method of 


exciting some chemical action on one of the plates, while ae 
exciting 


it has no action, or a different action, upon the other. galvanic 
A communication is then formed between the two plates. electricity ? 


When two metals capable of exciting electricity 
are so arranged and connected that the ) i, 


positive and negative electricities can galvanic 
circuit ? 


meet and flow in opposite directions, they 
are said to form a galvanic circuit, or circle. 


A very simple and at the same time an active galvanic circuit may 


be formed by an arrange- Describe 
ment as represented in Fig. a simple 
333 C.and Z are thin galvanic 

at : battery. 
plates of copper and zinc 
jmmersed in a glass vessel containing a 
very weak solution of sulphuric acid and 
water. Metallic contact can be made 
‘petween the plates by wires which are 
‘soldered to them. If now the wires are 
connected, a galvanic circuit will be 
formed; positive electricity passing from 


the zinc through the liquid, to the cop- 
per, and from the copper along the conducting wires to the zinc, as 


indicated by the arrows in the figure. A current of negative elec- 
tricity at the same time traverses the circuit also, from the copper to 


the zinc, in a direction precisely reversed. 

Such an arrangement Is called a simple galvanic battery. 

749. The ends of the connecting wires, or the 
terminal points of any other connecting whatare’ - 


medium used, are called the po/es of the theppelesicts 
a galvanic 


battery. battery? . . 


Thus, when zinc and copper plates are used, the end of the wire 
conveying positive electricity from the copper would be the positive 
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pole, and the end of the wire conveying ne 


gative electricity from the 
zinc plate would be the negative pole. 


750. For convenience in certain experiments, the 
Whatisan €nds of the copper wires connecting the 
electrode? poles of the galvanic battery are frequently 
terminated with thin strips of platinum, which are 
called electrodes. The platinum slip connected with 
the positive pole forms the positive electrode, and 
that with the negative pole the negative electrode. 


Platinum is used for the reason, that, i 


1 employing the battery for 
effecting decompositions 


, it is frequently necessary to immerse the 
ends of the connecting wires in corrosive liquids, and this metal gen- 
erally is not affected by them. nee 


At what The manifestations of electricity will be 
point of the 


cipeuieas most apparent at that point of the circuit 


electricity oie 
especially Where the two currents of positive and 


maniested’? = nerative electricity meet. 


When the two wires connecting th 


When is a brought in contact, th 
circuit said 
to be closed ? 


€ metal plates of a battery are 
€ galvanic circuit is said to be 
closed. No sign of electrical excitement is then visible ; 
the action, nevertheless, continues. 


751. When the wire from one end of a voltaic bat- 
How may t€Ty 1s connected with the wire from the 
Vc. OPpOsite end). voltarc action instantly com- 
action be in- : : 
terruptedand Mences; and it as instantaneously ceases 
renewed ? ° Sic 

when the connection is interrupted. The 
rapidity with which the electric circuit may be com- 
pleted and broken has no ascertained limit ; nor does 
it appear to be controlled by resistance caused by 
traversing miles of wire. 


In the formation of a galvanic circuit by the employment of two 
metals and a liquid, the chemical action which gives rise to the elec 
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tricity takes place through a decomposition of the liquid. It is there- 
fore essential to the formation of an active galvanic Explainthe 

a that the liquid employed should be capable tneory of the 
Pcs decomposed. Water is most conveniently production cf 
of be : 


: the galvanic 
applicable for this purpose. When plates of zinc and terete 


per are immersed in water, the elements of the water, 
cop 


en and hydrogen, are separated from each other, a conpeauene of 
oe ter attraction which the oxygen has for the zinc. The Oxysen 
He Te e ites with the zinc, and by so doing produces an alteration 
oo ne al condition of the metal. The zinc, communicating its 
ae oe of of electricity to the liquid, becomes negatively electrified. 
om ecadl aes the same electricity from the liquid, becomes 
ee eee at the same time the hydrogen, which is the 
ee t of the water, is also attracted to the copper, and appears 
eo ae upon its surface. If the two metal plates be now 
in 


Cc 9 


; € 
i rrent will be formed. 

e two an electric curren oo 
Cae water alone, and two metals, the quantity of Ha paee : a 
is very small; but, by the addition of a small quantity of so : 
is V : 


: : : d. 
excitement is greatly increase i ee 
BS cittioagh two metal plates are employed in the arrang 


described, only one of them is active in oe eee What isthe 
of electricity, the other plate serving Be : eee ae 5/0 
ductor to collect the force generated. A Le is eee in a galvanic 
generally used for this purpose, ee a es pee neeGutED 
electricity much better than other substan 


* Th “ electric fluid” and “‘ electric current,” which are Rares 
Rete ical phenomena, are calculated to mislead the student a 
in describing electrica P lagen i be a fluid, and that it flows in a rapid stream ame 
Pea eer aeedae i should be understood, are founded merely on ae aes i? 
Geis. ace nee Z ce to fluid bodies. The nature of that force is Ee nown; oe 
ated a 2 ee be in the form of a current, or by vibrations, or by any o 
whether its tra 
is undetermined. 
ae ‘: discussion which took place some years ‘ot «abine At lee ie 
sation for the Advancement of Science, respecting the n ee Teen hae 
es his opinion as follows: “‘ There i A ee ¥) eee uae 
: ; e€ 
something about the ne pa arts es ne Lee of the nature of ey 
Se ae a ” says Mr. Bakewell, “ from the most Seas e " 
: acpetas = ae scelees to say that any terms which seem to Sata 
pou te: eee to be considered as convenient conventional exp 
orm of ele 


$ since at a meeting of the British Asso- 
Professor 
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an equal surface to the fluids in which they are immersed: but 
conductors may be used, and when a proportionately tee surf me 
exposed, to compensate for inferior conducting power, they ans a 
well as, and in some instances better than, metal Hee Thus a - 
is very often employed in the place of copper; anda very ha ‘4 a 
rial obtained from the interior of gas-retorts called ra ic an 
ered one of the best conductors. : 
Two metals are not absolutely essential to the formation of a sj 
ple galvanic circuit. A current may be obtained from one ei aa 
two liquids, provided the liquids are such that a stron er re a 
action takes place on one side of the metal plate than on i Shee 


1€s, also two metals and two di imi 1 : 


phite, is consid. 


U52: The electricity developed by a simple galvan- 
How may  1C circuit, whether it be composed of two 


galvanic 


action be metals and a liquid, or any other combina. 
mnereased? _ tion, is exceedingly feeble. Its power can 
however, be increased to any extent by a repetition 
of the simple combinations, 


The first attempt to increase the power of a galvanic circuit b 
Pe a increasing the number of the combinations was made 
pile of Volta. DY Volta. He constructed a pile of zinc and cop 
e ae with a moistened cloth interposed between ane 
eames ae ae te oe he placed a copper plate 

? : 
soaked in water Slightly acidulated. ee Je ee 
plate of zinc, then copper, and again cloth; and so on in ee a 
mhee ae a series of alternate metal plates and phere come 

ormed, the terminal plate of the seri i 
and at the other end ae A ec eee Fe 
copper plate will constitute the positive pole, and another to th io os 
zinc plate the negative pole, of such a series, oo 

Fig. 334 Tepresents Volta’s arrangement of metal plates and 
cloths, with the metallic wires which constitute the eee Ss 


Such combinations are denominated voltaic piles 
é 3 
or voltaic batteries, and very often galvanic batteries, 
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As two different metals and an interposing liquid are generally 
employed for this purpose, it has been usual to call these combinations 
pairs ox elements ; so that the battery is said 
to consist of so many pairs or elements, each 
pair or element consisting of two metals and 
a liquid. 

Voltaic piles have been constructed entirely 
of vegetable substances, without resorting to 
the use of any metal, by placing disks of beet- WN 
root and walnut-wood in contact. With such ee 


a pile, and a leaf of grass as a conductor, con- 
vulsions in the muscles of a dead frog are said = 
to have been produced. Other experiment- 
alists have formed voltaic piles wholly of 
animal substances. 
A perfectly dry voltaic pile, known from 
its inventor as Zamboni’s pile, may be formed 
of disks cut from paper silvered or tinned on 
one side, and coated on the other with finely 1a 
powdered binoxide of manganese. If from 
Near 
twelve hundred to eighteen hundred of these Mem! 


> : Wain m0 
be packed together in a glass tube, so that ) eset 


their similar faces shall all look the same way, A y 
‘Henini 


and be pressed tightly together at each end 1 earl 
by metallic plates, it will be found that one ss) 
extremity of the pile is positive, and the other SS 
negative. Such a series will last more than = 
twenty years; but it requires as many as ten 
thousand pairs to afford sparks visible in day- 
light, and to charge the Leyden-jar. 

753. The galvanic batteries in practical use at the present time 
differ considerably in form and efficiency; but the principle of con- 
struction in all is the same as that of the original voltaic pile. 

A very effective arrangement, known as the trough battery, is rep- 
resented in Fig. 335. This consists of a trough of wood, pescribe the 
divided into water-tight cells or partitions, each cell trough- 
being arranged to receive a pair of zinc and copper PESO So 
plates. The plates are attached to a bar of wood, and connected with 
one another by metallic wires in such a way that every copper plate 
is connected with the zinc plate of the next cell, The battery is ex- 
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cited by means of dilute sulphuric acid poured into the cells,-and th 
; e 
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Jonger than any other. It consists of a glass jar, V, filled with a satu- 
rated solution of sulphate of copper, in which is im- Describe the 











current of electricity is directed by 





wires soldered to the t ieee Sy eee 
Soe ken Ae : mersed a perforated copper eying G a h jis battery: 

ees: 5s. : 1€ Dattery ig cylinder is a porous vessel, P, of earthenware, which 1s 

a, not In use, the plates may be Glled with dilute sulphuric acid, in which 

EE : raised from the trough by is placed a cylinder of amalgamated 
6 ice all means of the wooden bar. 
ny We. The battery by which Sir 
Humphry Davy effected his 
splendid chemical discoveries 
ey was of this form, and cop. 
j sisted of two thousand double 
plates of copper and zinc, each 
HA plate having a surface of thir. 

c ————————— === _ ty-two square inches. 
754. The simplest form of 


. galvanic battery at present 
used is that invented by Mr. Smee, and known as Smee’s battery 


Deserve (see Fig. 336). It consists of a plate of silver coated 

ze : 

hence a platinum, suspended between two plates of zinc, 

» £, the surfaces of which last have been coated with 

or amalgamated as it is called. The three are 

eine to a wooden bar, which serves to support the 

Ww ole in a tumbler, G, partially filled with a weak solu- 

tion of sulphuric acid and water. os : 

for directing the ici ands the giSrers 

ee g : ees of electricity, are connected 7 i ‘ andi: Ue eneye 
zinc and plati 2 : | 

Wie platinum plates by small screw-cups, S I all: Si eee fe 


| ‘ally used fur telegraphing 
A galvanic battery composed of elements with a single rally used tu g ; 























3 


I Zinc, Li. : a é 
| The chemical action, under such cir- | |) MG Dr x 
cumstances, is as follows: By the action 7 (Cae | 
of the sulphuric acid on the zinc, hydro- 
gen is liberated on the surface of the 
copper plate, and meeting the sulphate 
of copper solution reduces it, forming 
sulphuric acid and metallic copper; the 
latter of which is deposited on the 
copper plate, while the former passes 
through the porous cylinder, and re- 
places the sulphuric acid used up by its ———————— 
action on the zinc. The sulphate of 
er solution is kept saturated by 
eek of the citi placed on the perforated shelf, C. By this © 
means the action of the battery is kept constant. 
756, One of the most efficient batteries is that known as Grove's 


battery, from What is the 
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mercury, 











The wires, or poles 




































































ae : and for other purposes in 
Whatisthe liquid, as the Smee battery, is not, how- 


beecare rious forms, the strength of the electric 

current excited continually diminishes from 
the moment the battery-action commences. This js chiefly owing to 
the circumstance that the metallic plates soon become coated eine 
products of the chemical decomposition, the result of the chemical 
action whereby the electricity is developed. This difficulty is See 


by placing the copper plate i Lane 
plate in a liquid upon which the li ; 
gen can act chemically. Pp e liberated hydro- 


755+ Daniell’s constant battery, 
ciple, and represented in F ig. 337, 


Fic. 336. 


constructed according to this prin- 


maintains an effective galvanic action 


which powerful galvanic 
action is required. It con- 
sists of a plain glass tum- 
bler, in which is placed a 
cylinder of amalgamated 
zinc, Z, Fig. 338, with an 
opening on one side to al- 
low a free circulation of 
the liquid. Within this 
cylinder is placed a porous 


cup or cell of earthenware, V, in which is suspended a strip of platinum 
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GALVANISM. 8 : 
fastened to a cover, ¢c, which rests on the : 


cup containi i ; ue ale 

ae ‘ ae the Platinum is filled with strone ee i - Porous 
: sse€i containing the zinc with weak su] sit aie a i 
shows the form of the platinum strip phuric acid. Fig, 338 


objectionable. Fig. 340 shows a number of Bunsen elements arranged 
so as to form a battery. The carbon of each vessel is connected with 
the zinc of the vessel next to it. 





7¥8, The electricity evolved by a single galvanic 
circle is great in quantity, but weak in wyocisthe 


intensity.* distinctive 
character of 
These two qualities may be compared to heat of galvanic 


| | | ae a | different temperatures. A gallon of water at a temper- 
HY UP APeg Hite Hapa! q | 





~ oom 


electricity ? 























ature of 100° has a greater quantity of heat than a pint at 200°; but 
the heat of the latter +s more intense than that of the former. 









































a Pues : distinctive 
duced by friction, or that of the electrical character of 


frictional 


machine, is small in quantity, but of high electricity? 





aN | Wa = ie ] The electricity, on the contrary, pro- What is the 















































e IE e ° ° 
757+ in the Bunsen battery, the various parts of whi tension, or intensity. 
Whatisthe i Fig. 330, which are shown 


Constrecuenbereniiccd the platinum strip of Grove’s battery ; 759. Galvanic electricity, or the electricity devel- 
of Bunsen’s y Z cylinder of carbon. y 1s : : ; 7) 
battery ? The chemical actions of Grove’s | oped by chemical action, differs from fric 


ae teries are identical. 
hum or Car as 
bon forms, 























How does 


and Bunsen’s ba 1 ca ; ink ic] i i lvani 
te tional, or ordinary electricit chiefly in galvanic 
The hydrogen liberated on the : : : differ ne 


with the nitric acid, water and hyponj | ‘ts continuance of action. The electricity ordinary 
yponitrous ans electricity ? 
| developed by friction from a glass plate, 3 
= + Nea S or the cylinder of an electrical machine, exhibits 
| oui a ‘ itself in sudden and intermittent shocks, accompanied 
iam hi Dy Goon Nias ~ Neem " 3 | with a sort of explosion; whereas that which is gen- 
aOR SSN 


|| Kea ire eS og et sm | | erated by chemical action is a steady, flowing current. 
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Frictional electricity is capable of passing for a considerable dis- 
rer - I i ing sub- 
tance through or over a non conducting or insulating Tineieate tie 
stance, which galvanic electricity can not do. Thus, the gifferences 
| spark from a prime conductor will leap toward a con- between 
ae | = => | ducting substance for some distance through the air, eo Oe 
SS Pree F 7 Sis : -? electricities. 
SSS SSS SS = which is a non-conductor; but if a current of galvanic 
electricity is resisted by the slightest insulation, or the interposition of 
some non-conducting substance, the action at once stops. Galvanic 


c 


| 


) 




















gas. This gas is i 
IS in part dis 
: solv ; . : ies! 
fumes, which’are deleterious, thus ta eg ne In part appears as nitrous * The following values express the electro-motive force of the four batteries: — 
’ ndering the use of these batteries Smee’s element, 210. Grove’s element, 829. 


Daniell’s element, 470. Bunsen’s element, 339. 
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electricity wi I 
ity will traverse a circuit of two thousand miles of 
les of wire 
erleaping a space of resisting 
n inch. Frictional electri 


body; but foe eb 
: electricity as a 
tor alike. Z ae ae 


A proper and sim 


would be highly dangerous, and D canes d from a Leyden-jar, 


be decom fatala. A 

ey betas and separated into its two AU acai of water ma 

SEE AMadee Neuer galvanic battery, in a ve ; ee and hydro. 

referred to, wo Spa yen charges of a Leyden ee ea time; but 

>) Uu Q wv = 

plish the same ee bane: to supply electricity rate ha 

Leyden-ja - such a quantity of electricit com- 
Jar would be equal to a very powerful flas a" ROA from qa 

gnotning, 


760. The quantity of electricit 


Upon what Vani I it j 1 
een ene anic circuit is directly 


tity i I 
one amount of chemical acti 


galvanic 

cletriity — as between the zinc and the acj 
‘ 

pend: Increasing the amoun one 

Oo chemical action, we therefor 


lity of electricity evolved 


y excited in a gal- 
proportional to the 


By 
t of surface exposed 
€ increase the quan- 


Hence gigantic 


Bes plates h 
Abiainine aa ieee ave been constructed for the 


nse quantity. Bee 


761. The tension of the electricit 


y evolved depends 
plates, and is ereatest 


€ 1s made up of a great 
ates. 


Uponwhat Upon the number of 
does inten- 


sty derena? “Hen the voltaic pil 
number of smal] pl 


> rather 
air not 


on the surface of the electrifieg 
ws along all parts of the conduc 


on that takes place . 
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“62. The effects produced by the developed electricity of a large 
galvanic battery are physiological, thermal, luminous, and chemical. 


The effects of the galvanic battery upon the nerves 


and muscles of the animal system are of what are 


the same character as those produced by BEE 


ordinary electricity. effects of 
galvanic 


On grasping the two ends of the connecting-wires of electricity ? 


a battery of some force, with wet hands, a peculiar tremor will be felt 
in the joints of the arm and hand, accompanied by a slight contortion 
of the muscles, and increasing to a violent shock. This shock is 
repeated every time a contact between the hand and the wire is broken 
and renewed. The concussion of the nerves of the body is, therefore, 
produced by the entrance and exit of the currents of electricity ; for 
they evidently must pass through the body the moment it forms the 
connecting link between the two poles. 

By a particular arrangement, the circuit may be closed or inter- 
rupted at pleasure, and in such a manner that the current may be 
made to pass alternately through the wires and the body; the latter 
being thus exposed to a series of shocks which are considered particu- 
larly adapted for the cure of diseases arising from the injury or 
derangement of the nervous system. It is, moreover, a highly valua- 
ble remedy in cases of suffocation, drowning, paralysis, &c.; and 
numerous arrangements have been at various times proposed: for the 
construction of medico-galvanic machines. 

The effect of galvanic electricity on bodies recently deprived of 
life is very remarkable, and it was through an accidental observance 
of its action upon a dead frog that galvanism was discovered. By 
connecting the muscles and nerves of recently-killed animals with the 
poles of a battery, many of the movements of life may be produced. 
Some remarkable experiments of this character were made some years 
since upon the body of a man recently executed for murder at Glas- 
gow, in Scotland. The voltaic battery employed consisted of two hun- 
dred and seventy pairs of plates, four inches square. On applying one 
pole of the battery to the forehead, and the other to the heel, the mus- 
cles are described to have moved with fearful activity, so that rage, 
anguish, and despair, with horrid smiles, were exhibited upon the 
countenance. 

763. Galvanic electricity is a powerful agent in effecting chemical 
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decompositions; and in its application to such purposes it is most 
practically useful. 


Feat is evolved whenever a galvanic current passes 


When does 
galvanic 
electricity 
evolve heat ? 


Over a conducting body; the amount of 
which will depend on the quantity and 
intensity of the electricity transmitted, 


and upon the resistance which the body offers to the 
passage of the current. 


The metals differ greatly in their conducting power. Thus, if we 
link together pieces of copper, iron, silver, and platinum wire, and 
pass a galvanic current along them, they will be found to be unequally 
heated, the platinum being the most, and the copper the least. 

The easiest method of showing by experiment the heating power 


How may 
the heating 
effects of 
galvanic 
electricity be 
illustrated ? 


of the galvanic current is to connect the poles of a bat- 
tery by means of a fine platinum wire. If the wire is 
very long, it may become hot; shorten it to a certain 
extent, and it will become red-hot; shorten it stil] more, 
and it will become white-hot, and finally melt. If such 
a wire is carried through a small quantity of salt water 


on a watch-glass, the liquid will boil; if through alcohol, ether, or 
phosphorus, they will be inflamed; if through gunpowder, it will be 


exploded. 


This power has been applied to the purpose of firing blasts, or 


What prac- 
tical appli- 
Cation has 
been made 
of this 
power ? 


mines of gunpowder, an operation which may be effected 
with equal facility under water. The process is as fol- 
lows: The wires from a sufficiently powerful battery are 
connected by a piece of fine platinum wire, which is 
placed in a mass of gunpowder contained in a cavity 
of a rock, or inclosed in a vessel beneath the surface of 


water. The wire may be of any length; but the moment connection is 
made with the battery the current passes, renders the platinum red-hot, 
and explodes the powder. 


The greatest artificial heat man has yet succeeded in producing has 


How may 
the greatest 
artificial 
heat be 
produced ? 


been through the agency of the galvanic battery. All 
the metals, including platinum, which can not be fused 
by any furnace-heat, are readily melted. Gold burns 
with a bluish light, silver with a bright green flame; and 
the combustion of the other metals js always accompa- 
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nied with brilliant results. All the earthy minerals may be Hee 
by being placed between the poles of a sufficiently ca oe 
Sapphire, quartz, slate, and lime are readily melted ; and the dia 
itself fuses, boils, and becomes converted into coal. 


764. The luminous effects of the galvanic battery 
are no less remarkable than its heating How are 


: the luminous 
effects. A very small voltaic arrangement effects of the 


galvanic 


is sufficient to produce a spark of light paelen) 
every time the circuit is closed or opened. manifested? 
If the two ends of wires proceeding from the opposite 
poles of a battery are brought nearly together, a 
bright spark will pass from one to the other; and 
this takes place even under water, or ina vacuum. 

The most splendid artificial light known 1s pro- 
duced by fixing pieces of pointed charcoal poe pac 
to the wires connected with opposite poles the most 


yi intense arti- 
of a powerful galvanic battery, and bring- ficial light 


: h be produced ? 
ing them within a short distance of eac | 
other. The space between the points 1s occupied by 
an arch of flame that nearly equals in dazzling bright- 
ness the rays of the sun. 


This light, which is termed the electric light, differs from all other 
forms of artificial light, inasmuch as it is independent of Sines 
ordinary combustion. The light is equally strong and the electric 
brilliant in a vacuum, and in such gases as do not con- Ene pier 
tain oxygen, where all other artificial lights would be ae Bete 
extinguished. It may even be produced under water. cial lights ? 
To excite the electricity, however, which occasions this 
light, zinc or some other metal must be oxidized, or, what is the same 
thing, burnt, the same as oil in our lamps, or coal in the gas-retorts, 
for the production of other species of artificial light. 

When the distance between the carbon-points becomes so great 
that the electricities are unable to pass over the intervening space, and 
combine with one another, no light is produced. Moreover, the car- 
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bon connected with the positive 


: ole of th : 
as rapidly as that connected wit ‘ : been) Is Consumed: twice 


h the negative pole. To remedy these 
defects, and to keep the poitit 
at a fixed distance apart,a oe 
of wheels which is run by eae 
work has been devised. F ig. 5 
represents the mechanism ioe 
dinary arrangement of the electric- 

lighting apparatus. 


765. Whenacurrent of 


Can galvanic galvanic elec: 
cfiset choi. icity Is made 
a Seam to pass through 

a compound 
conducting substance, its 
tendency is to decompose 
and separate it into its 
constituent parts. This 
process of decomposition 
by the voltaic battery is 
called Electrolysis, and 
the substance capable of 
decomposition is known 
as an Electrolyte. | 

















Thus, water is composed of two 
How may gases, oxygen and 
Hees hydrogen, united to- 

ge ' gether. When the 
wires connecting the poles of a 
galvanic battery are placed in 
water, and a sufficiently strong 
col ee _ Current made to pass through 
ck ee posed. Fig. 342 represents a form of a 3 
Stn ee periment can be performed in a very satisf a 
asists of two tubes, O and Ey upper Aea 
y in 
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a small reservoir of water, and two slips of platinum, 7, p, which can 
be connected with the poles of a voltaic battery, passing in at the open 
end of the tubes. When communication is ; 
effected between the platinum slips and a bat- 
tery in action, gas rapidly rises in each tube, 
and collects in the upper part. In that tube 
which is in connection with the positive pole of 
the battery, oxygen accumulates, and, in the 
other, hydrogen. And it will be noticed that 


the quantity of the latter is equal to twice the 
quantity of the former gas, since water contains 
by volume twice as much hydrogen as it does 


oxygen. 
The explanation of this phenomenon may be briefly given as fol- 


lows: All atoms of matter are regarded as originally : 
: : Ane 9 a What is the 
with either positive or negative electricity. In theory of the 


charged 
the case of water, hydrogen is the electro-positive ele- decomposing 
It has action of 


ment, and oxygen the electro-negative element. eal ante 
been already shown that bodies in opposite electrical electricity ? 
states are attracted by each other. Hence, when the 
nic battery are immersed in water, the negative pole 
will attract the positive hydrogen, and the positive pole the negative 
If the attractive force of the two electricities generated by 
han the attractive force which unites the two 
elements, oxygen and hydrogen, together in the water, the compound 
will be decomposed. Upon the same principle other compound sub- 
stances may be decomposed, by employing a greater or less amount of 
electricity. In this way Sir Humphry Davy made the discovery that 
potash, soda, lime, and other bodies were not simple in their nature, as 
had previously been supposed, but compounds of a metal with oxygen. 
766. Recent experiments have shown that the electricity which 
decomposes, and that which is evolved by the decompo- Be A 
sition of, a certain quantity of matter, are alike. Thus» quantity of 


water is composed of oxygen and hydrogen: now, if the electricity is 
combi- necessary to 


electrical power which holds a grain of water in 
‘ decompose 
a grain of oxygen and hydrogen 4 substance? 
could be 
t would be exactly, the 


f a grain of water, or 


poles of a galva 


oxygen. 
the battery is greater t 


nation, or which causes 
to unite in the right proportions to form water, 
collected and thrown into a voltaic current, i 
quantity required to produce the decomposition 0 
the liberation of its elements, oxygen and hydrogen. 
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67. El ; 

707. Electro-metallurgy, or electrotyping, is th 
What is or process of de iti ae 
electro- soluti positing, from a metallic 
metallurgy ? 1 u 10n, through the agency of g ] a 
electricity, a coatin = . galvanic 

O 
some other cahemure* § or film of metal upon 
The a4 
process is based on the fact, that wh 

Upon what VIC Current is passed throuch en r gal- 
gna solution 


is the pro- 
Ps of ae metal, as of sulphate of co 
= ; 
coupe ae acid and oxide of copper) ae 
ta aiden axes place; the metal is separated a 
arise State, and attaches itself to the ne ae 
ae ae substance that may be attached : . 
e ; 
ie Oo sdutane the oxygen or other seen 
Bee OmbDination with the meta] goes to, = 
ed on, the positive pole Pee 
; In this way a medal, a wood- 
O the negative pole of a batter 
pubes to the positive pole 
if the solution contains ela 
will be covered with a coatin 


engraving, or a plaster cast, if attached 
a eeecrnacee in a solution of copper 
ire Ree a coating of copper; 
ee ea of copper, the substance 

gold or silver in the place of copper. 


The thickness of 
the deposit, providi 
Y = ‘ d 
a a Have solution be kept aiade dar ‘i NPP ly 
oe ength of time the object is e : ay 
uence of the battery. saaees Paine 


In this Way, 
be laid on, 
desired. 


Th 
oe ee arrangement for conductin 
ig nted by Fig. 343. It consists 
en vessel, containing the solution t 


: the electrotype process is 
2 a trough of wood, or an 
€ decomposition of which is 


* The 
general name of 
‘ el ¥ : 
FACAAICA pa EHR ectro-metallurgy includes all th ; 
inventors and manufacturers have desi © varlous processes and 
esignated as 


electro-plastic 
galvano- , 
y o-type, electro-typing, and electro galvano-plastic, _ 


plating and gilding, 


desired, —for example, sulphate of copper. 
nected with the positive and the ot 
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Two wires, one con- 
her with the negative pole of a 











e extended along the top of the trough, and supported on 
A mold of the medal or other article to 
and attached to the 


and a plate of metallic copper to the positive wire. 
d in the liquid, the action commences : 
the sulphate of copper is decomposed, the copper being deposited on 
the medal, and the liberated oxygen on the copper plate. As the 
withdrawal of the metal from the solution goes on, the copper plate 
attached to the positive pole undergoes corrosion by the sulphuric acid 
which is liberated and attracted to it, and sulphate of copper is formed. 
This, dissolving in the liquid, maintains it at a constant strength. 
When the operator judges that the deposit on the medal is sufficiently 
thick he removes it from the trough, and detaches the coating. The 
deposit is prevented from adhering to the medal by rubbing its surface 
in the first instance with oi! or black-lead; and, if it is desired that 
any part of the surface should be left uncoated, that portion is covered 
with wax, or some other non-conductor. 

In this way a most perfect copy of the medal is obtained. 

The pages and engravings in the book before the reader are illus- 
trations of the perfection and practical application of the electrotype 
process. The engravings were first cut upon wood-blocks, and then, 
‘with the ordinary type, formed into pages. Casts of the whole in 
pure bees-wax were next made, and an electrotype coating of copper 
deposited upon them ; and from the copper plates so formed the book 

printed. The great advantage of this is, that the copper, being 


battery, Q, ar 
rods of dry wood, B and D. 
be coated is taken in wax or plaster of Paris, 


negative wire, 
When both of these are immerse 


was 
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harder than the ordinary type-metal, is more durable, and resists the 
wear of printing from its surface for a longer period. 

The improvement effected by electro-metallurgy in engraving is 
Eiow Haseeno great. When a copper plate is engraved, and 
electrotype pressions printed off from it, only the first few, called 
process “ proof impressions,” 


affected er’s delineation. 
engraving ? 


In this way the map plates of the Coast Survey of the United 
States, some of which require the labor of the engraver for years, and 
cost thousands of dollars, are reproduced, — the original plate being 
never printed from. 

One of the simplest illustrations of metallic deposit by electro- 
chemical action is afforded by the following experiment: Put a piece 
of silver ina glass containing a solution of sulphate of copper, and 
into the same glass insert a piece of zinc. N o change will take place 
in either metal so long as they are kept apart; but as soon as they 
touch, the copper will be deposited upon the silver, and if it be 
allowed to remain, the part immersed will be completely covered with 


copper, which will adhere so firmly that mere rubbing alone will not 
remove it. 


768. When two metals which are positive and 
Howdoes Negative in their electrical] relations to 


theunionof each other are brought in contact, a. gal- 
two metals 


affect their vanic action takes place which promotes 
durability ? aa 

pee? chemical change in the positive metal, but 
Opposes it in the negative metal.’ 


Thus, when sheets of zinc and copper immersed in dilute acid 
What are touch each other, the zinc oxidizes or rusts more, and 
illustrations the copper less, rapidly, than without contact. Iron nails, 
of this if used in fastening copper sheathing to vessels, rust 
Dees ch quicker than when in other situations not in con- 
tact with the copper. The reason is, that the contact of the two 
metals excites galvanic action, which causes the iron to rust speedily, 
but protects the copper. | 








SI 
GALVANISM. 4 


° ° 6 e d 
What is called galvanized iron 1s iron covere 


entirely, or in part, with a coating of ZINC. Wratis 
b) 


ized 
OXI- galvanize 
The galvanic action between the two fore 


dizes the zinc, but protects the iron from 


rust. 2 
Copper, when immersed in sea-water, rapidly tae oe the ee 
cal action of the oxygen dissolved in sea-water; cS Bove ae 
: i ntact with zinc, or some metal that 1s tempt to 
Bee nee ee than itself, the zinc will undergo 2 protect the 
more es the copper will be preserved. Sir sheathing of 
ae oor attempted to apply this principle to the pees 
aa of the copper sheathing of ships, by placing Paes 
pee Is over the copper small strips of zinc. The exp eee 
a mee ; Bee of zinc as large as a pea was found are ‘ Be 
Be res fifty square inches of copper; and this WHEIE VE aes 
eee cae top, bottom, or middle of the sheet, or Bes 
ie i was ieee: The value of the application was, The 
ace te by a consequence which had not been eae mi 
SO ate ae rapidly acquired a eee es 
eee me a 
rene hak eee eee that the bitter, poisons 
rng ooo Gs ss A - surface when corroded acted in Pee 
ae . ; on: objects. The principle, howevet, has eee 
oe ae to protect the iron pans used in evaporating 
ap | 


water. 


















































































































































CHAPTER Sevit 


THERMO-ELECTRICITY. 


769. Ir two dissimilar metallic bars be soldered 
ieaen together, and heated at the point of junc- 
eee 5 tion, an electric current will circulate 

_ through them, and may be carried off by 
connection with any good conductor. Electricity 
thus generated or developed is called Thermo-Elec- 
tricity, inasmuch as heat is, under the conditions 
named, transformed into electricity. 


Thus, if two bars, one of German silver and the other of brass, as 


Cae represented in Fig. 344 (the dark one being the 
brass), be heated at their junction, an electric cur- 


—— rent will flow in the direction of the arrows from 


rics aie the German silver to the brass. 


Different degrees of temperature, also,in the 


same metal, will occasion an electric current to flow from the’ colder 
to the warmer portions. 


The properties of thermo-electricity are the same 
as those of ordinary electricity. 


The metals best adapted for showing its effects 


are German silver, bismuth, brass, iron, and anti- 
mony. 
Thermo-electric batteries of considerable power may be constructed 


by combining together alternate plates of German silver and brass, or 
482 
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bismuth and antimony, thick cards of pasteboard being so placed be- 
tween the plates that a contact of the metals is prevented pete 
except at the ends. Such a battery, represented by Fig. thermo- 
345, may be:made to develop electricity by heating one electric 
end of the bundle, or pile of plates. The electro-motive pees, ae 
force generated by a thermo-electric battery is small. eee 
By binding together two bars of bismuth and antimony, an electric 
current can be proved to circulate with the slight- 
est variation of temperature. 
A series of slender bars of these two metals, 
arranged as a thermo-electric battery, is far more ——= 
sensitive to heat than the most delicate thermom- ,imee—— 
eter; so that the heat radiated from the hand ijmememsmemmermrn 
brought near to one end of the battery is sufficient 
to excite an appreciable amount of electricity. 
Fig. 346 represents the construction of such a battery, which is 
known as a thermo-electric pile. It 
consists of thirty-six delicate bars of 
bismuth and antimony, alternately con- 
nected at their extremities and packed 
in a case, the ends of which are re- 
i moved in the figure to show the bars. 
The area of such a battery is not quite 
one-half an inch. A represents a coni- 
cal reflector, used to concentrate rays of heat in experimenting. 
It has also been found that when hot water mixes with cold water, 
electricity is produced; the hot liquor being positive, and the cold 


negative. 


Fic. 345. 


Fic. 346. 
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CHAPTER XVIII. 


_ELECTRO-MAGNETISM. 


770. Macnetism developed through the agency 
What is of electrical or chemical action is termed 


electro- 
magnetism ? Electro-Magnetism. 


i 
fy aoe the earliest phenomena observed which indicated a con- 
ae aver peers and electricity, it was noticed that ships? 
€s have their directive power impai 
: paired by lightning, and th 
Sewing-needles are rendered zg : 
magnet ric di 
ee gnetic by electric discharges passed 
~ In 182 ] 
Oa discovery was made by Professor Oersted of Denmark 
What effect Which established beyond a doubt the connection of 


isproduced electricity a i i 
se esodt y and magnetism. He ascertained that a mag- 


maaenctie sey needle, brought near to a wire through which an 
needie is electric Current was circulating, was compelled to change 


brought near its natural di i 
Bhi Se Na irection, and that the new direction it as- 


% > Ss 73 Ad ° e,e 
fig wite? umed was determined by its position in relation to the 


wire, and to the directi 
alone whee ction of the current transmitted 


Further experiments developed the following law: zh 


Electric currents exert a magnetic influence at 


In what Yl . ° : 
were. ght angles with the direction of their 


aiectie flow ; and, when they act upon a magnetic 


currents 


me needle, they tend to cause the needle to 


influence ? iti i 
assume a position at right angles to the 


direction of the current. 
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+1 the direction of the arrow; suppose a magnetic needle, a 4, to be 
placed directiy under the wire and parallel to it. By the action of the 
electric current flowing in the 
direction S N, the needle is 
caused to move from its north 4 
and south position, and turn t 
round; and, if the current is | 
sufficiently strong, it will place 
itself at right angles with the 
wire, as is represented in the 
figure. 

If the current, however, had 
passed in the same direction | 
below the needle, instead of eee ie aes 
above it as in the first instance, 
the deflection of the needle would have taken place as before, but in 
an opposite direction, the pole @ standing where the pole 6 did pre- 
viously, and 4 also in the place of a. Thus the influence of the cur- 
rent, just as magnetic force, extends to the space around it. 

In like manner, if the needle be placed by the side of the wire, a 
like effect will be produced; on one side it dips down, and on the 
other it rises up; and, in whatever other position the needle may be 
placed, it will always tend to set itself at right angles to the current. 

If the wire be bent in the form of a rectangle, 
as is represented in Fig. 348, so as to carry the 
current around the needle, above and below it 
in opposite directions, the opposite currents, 
instead of neutralizing, will assist each other, 
and the needle will move in accordance with 
the first direction of the current. 

If the wire, instead of making a single turn, 
is bent many times around the needle, the 
magnetic force excited by the.current of elec- 
tricity traversing the wire will be greatly in- 

creased, the increase being, within certain limits, proportional to the 
number of turns of the wire. ; 

771. It is on this principle that an instrument called the Ga/vanom- 


eter, for measuring the quantity of an electric current, Exptain the 

construction 
of the galva- 
nometer ? 


























is constructed. 
It consists of a coil of wire, Fig. 349, containing from 
thirty to thirty thousand convolutions, the separate coils 
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ee eee winding the wire with silk thread. The thread s 
Sete Re ee one placed above a graduated scale, the other 
thei nales in ; i - i connected So as to move together, and have 
ni a site directions. By this arrangement, known as th 
stem, the influence of the earth’s magnetism, which tends S 


a the needle in its original position, 
‘ ; 
e force of the transmitted current is rendered more effective 


ahd 
ij —<—7, 





By means 
cain Se de eee mee galvanometer, the most feeble traces of electricit 
the most ae and electric currents which would fail to ee 
st sensitive gold-leaf electrometer can be made to affect : e€ 
er- 


ceptibly the magnetic 
needle. G : 
electro-multipliers. alvanometers are sometimes. called 


772. Electricity, unlike all other motive forces in 


In what natur 1 : 
mera 3 e, exerts its magnetic force laterally : 


an electric all other forc A 
ieee es exerted between two points 


its magnetic 2Ct In the direction of a straight line con- 


ate : : 
orce necting their points, but the electric cur- 


1s almost entirely removed, and 


ELECTRO-MAGNETISM. ; 487 


rent exerts its magnetic influence at righc angles to 
the direction of its course. 

When a magnetic pole is influenced by an electric 
current, it does not move either directly toward or 
directly from the conducting wire, but it tends to 
revolve about it. 


By the application of these facts, it has been discovered that rota- 
tory movements can be produced by magnets around conducting wires, 
and, conversely, that conducting wires can be made to rotate around 
magnets. 

The rotation of the pole of a magnet around a fixed conducting 
wire may be shown by a piece of apparatus represented by Fig. 350- 
A small magnet, N, is fixed to the lower part of a vessel, V; 
by means of a silk thread ; the vessel is filled with mercury 
nearly to the top of the magnet; C is a conducting wire 
dipping into the mercury, and Z is another conductor com- 
municating with the mercury at the bottom of the vessel. 

Now, when the electric current is established by connect- 
ing the extremities of the wires C and Z with the opposite 
poles of the battery, the pole N of the magnet revolves 
round the conducting wire C. If the current is descending, 
that is, if C be connected with the positive pole of the bat- 
tery, and if N bea north pole, its motion round the wire will be direct, 
that is, in the direction of the hands of a watch; and so on, vice versa. 

On similar principles, various kinds of reciprocating and rotatory 

movements may be produced. 


773, If a piece of soft iron, entirely wanting in 


magnetism, be placed within a coil of wire In what 
through which an electric current is circu- See 
current be 
made to 
excite mag- 
netism ? 








lating, it will be rendered intensely magnetic so long 
as the current continues ; but the moment the current 
ceases, the iron loses its magnetism. (Fig. 351.) 






































488 NATURAL PHILOSOPHY. 


Gack Magnets formed in this way, through 
anislectro- | the agency” of- the electric current, are 


Bree called electro-magnets, and are more power- 
ful than any others, 


The coil, or spiral line of wire, used for exciting 
What is magnetism in the iron by conducting a 


eae current of electricity about it, is called 
a helix, or solenoid. 


It is usually made of copper wire, coated with some non- 
substance, such as silk wound round it. 
generally repeated one over the other, un 
sufficient; since the magnetic action of an 


of iron increases to a certain extent with th 
performs about it. 


conducting 
The coils of the wire are 
til the size of the helix is 
electric current upon a bar 
e number of revolutions it 


It is necessary for the induction of magnetism in 


iron bars by electricity, that the current should flow 
at right angles to the axis of the bars. 


If the bar be steel, some part of the magnetism 
What deter. thus induced will be permanent; and the 


minesthe — direction in which the Current moves round 
poles of an 


electro- the helix determines which of its extremi- 


sere ties shall constitute its north, and which 
its south pole. 


When the current circulates in the direction of the hands of a 
watch, the north pole of the bar will be at the farthest end of the 
helix. 

A rod of soft iron when magnetized by a strong current will give a 
sound, but only at the moment the current is closed or opened. It is 
attributed to the movement of the molecules in the body of the iron. 

A bar of iron, though not chan 
netized by a current of electricity. 
lecular movement. 

If a bar of soft iron, bent in the for 
wound with insulated wire, 


ged in bulk, lengthens when mag- © 
This is also attributed to a mo- 


m of a horse-shoe magnet, be 
as 1s represented in F ig. 352, and a cur- 


\ 
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rent of electricity transmitted through it, it becomes a most powerful 
2 re ee of this character have been formed capable of 
supporting more than a ton 
weight. The magnetic power 
thus developed is wholly de- 
pendent upon the existence of 
the current, and the moment 
it ceases the weights fall away 
by the. action of gravity. 
A rod of iron brought near 
to one of the extremities of a 
longitudinal helix is not only 
attracted, but lifted up into 
the center of the coil, where 
it remains suspended without 
contact or visible support, so 
long as the current continues 
in action. If the battery and 
helix be of sufficient size, a 
considerable weight may be 
suspended. In some experi- 
ments at the Smithsonian In- 
stitution at Washington, a few : 
since, a bar of iron ay \ 
sens sakes pounds was = A/c 
raised and suspended in the #22 i =— = : i 
air without being in contact 
with any body. 

















774. Many attempts have been made to take ad- 


rated Has electro- 
vantage of the enormous force gene Beats 


and destroyed in an instant, by making or sorustnass 
breaking an electric current, for propelling 315 practical 
co) 


purpose for 
machinery ; but thus far all efforts have eas 


failed to produce any very practical results. machinery? 


Fi shows a machine of this kind. Fixed on an iron gees 
oe oe eee A BCD, between which revolve two 1 
are ; 
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wheels with eight soft-iron armatures, M, on their circumferences. On 
passing an electric current into the magnets by means of the wire, E 
the armatures are successively attracted by the magnets, and revolve 
as a system. When a bar reaches the poles of the magnet which 
attracts it, the current is interrupted, the magnet becomes inactive, and 
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the bar is carried on by its acquired momentum, to be attracted by the 
next magnet. In this way the bars are never pulled back. The power 
thus generated may be applied to run a machine, but is too expensive 


to be generally used, being estimated to cost sixty times more than 
a steam-engine of the same power. 
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778. The construction of the Morse magnetic tele- 


graph depends upon the principle that a Upon what 


ee i ; does the 
current of electricity, circulating about a ae actraction 


bar of soft iron, temporarily renders it ofthe Morse 
telegraph 


a magnet. depend ? 


The construction and method of operating the Morse telegraph 
may be clearly understood by reference to Fig. 354. Two pieces of 
soft iron sur- | 
rounded by 
coils of wire 
are connected 
with wires pro- 
ceeding from a 
galvanic bat- 
tery. When 
a current is 
transmitted 
from a battery 
located one, 
two, or three hundred miles distant, as the case may be, it passes 
along the wires, and through the coils surrounding the pieces of 
soft iron, thereby converting them into magnets. Above these pieces 
of soft iron is a metallic bar or lever, #, supported in its center, 
and having at one end an armature of iron, and at the other a 
small steel point, x. A ribbon of paper, @ 4, is drawn slowly and 
steadily off by a train of clock-work moved by the action of a weight. 
This clock-work gives motion to two metal rollers, between which the 
ribbon of paper passes, and which, turning in opposite directions, 
draw the paper from the cylinder. The roller 2 has a groove around 
its circumference (not represented in the engraving), above which the 
paper passes. The steel point + of the lever is also directly opposite 
this groove. The spring 7 prevents the point from resting upon the 
paper when the telegraph is not in operation. 

The manner in which intelligence is communicated by these arrange- 
ments is as follows: The pieces of soft iron, being rendered magnetic 
by the passage of a current of electricity transmitted from the battery 
through the coils of wire surrounding them, attract the metal arm m 
of the lever. The end of the lever at m being depressed, the steel 
point x at the other extremity is elevated, and caused to press against 
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ae paper ribbon and indent it. When the current from the battery } 
roken or interrupted, the pieces of soft iron Be 
netic, cease to attract the arm zz. 


bei power to print the characters. This is accomplished by means of what 
Ae leeer ce Hee no longer mag- is called a “ relay ”’ instrument, shown in Fig. 355. In this, the current 
to its former position by the action of the spri erefore drawn back from the transmitting battery enters at L, passes into the electro-mag- 

pring 7, and the steel point nets E, and passes off by means of the ground-wire T. Through the 


x ceases to indent the paper. B . 
. y letting the c : ; 
magnet for a longer or shorter time, a ie me oe ad round the action of this current the armature A is attracted, and the lever p 
, ine 1s made; and the 


telegraphic alphabet consists of a series of such marks.* presses against the button x, thus allowing a new current from a local 
: battery to enter at ¢, pass through the lever #, and, by means of the 
wire z, enter the electro-magnet of the indicator, and so furnish an 
additional amount of force sufficient to work the lever m 7, Fig. 354 
independent of the main current. 
Formerly two wires were required in telegraphing; one conveyed | 
the current from the battery to the electro-magnet at a 








=a ~> & 
LT) = aes fiz oy 


ILrrnere 


How many 


| all ZEA { 
it ss . aS 
) LL) ee x distance, through which it passed, and then returned by wires are 


on 


Ee . another wire back to the battery. At present but one necessary ss 
Mt ti Cn ll . wire is generally used. It was found that the earth g 


| 


EB : itself might be made to perform the function of the picerae 
Via ee —SSS—————@—_— ae . returning wire. To effect this, all that is necessary is that one short 
| wire from the battery at one end of a line, and from the electro-magnet 
Oecelectuie carrots | | at the other end, should be sunk into the moist earth, and there Con: 
Oat ope ce Pe nee through a consid- ly nected with a ate ee cas | from which the electricity 
Fe s i , as to be insufficient in | : asses to complete the closed circuit. 
poe ee : ee ieee which it transmits. It ee ‘ . For interrupting the current, and regulating the system of dots and 
ulated by the primary ee Be reeks aa hem eu anay Vere: lines, an instrument Describe the 
,» and be employed solely to furnish the : has a BEM an signal-key. 
* The followin i : 2 or break-piece, 118. 
Pee (oe See the signs employed to represent letters in the Morse ; | 356, is employed. The operator, by 
ALPHABET. i pressing down the knob «, brings the 
ag tras NUMERALS, : two platinum wires, at 4, into contact, 
H closing the circuit, and allowing the 
current to pass; but when the press- 
ure is removed, communication is interrupted. The knob y serves to 
close the circuit after the message 1s sent. 


FIG. 355. 





776. In what is known as the Bain, or chemical 
telegraph, there is no magnet created ; but ene 
4 small steel wire, connected with the wire constrectien 
° or the | 
from the line, presses upon a roll of paper chemical 
! : telegraph? 
Experienced operators are often able to understand the message merely from the moved by clock-work. This paper, before ‘°°8*7? 


sounds, or clicks, of the lever. ° : . : 
being coiled on the roller, has been dipped in a nearly 
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colorless chemical solution, which becomes colored 
when an electric current passes through it. By 
sending a current through the wire resting on the 
paper, we can stain it, as it were, in dots and lines, 
in the same manner as the last instrument embossed 
it in dots and lines, 

777. The House's, or printing telegraph, differs 
hatte ae 2 UnOll therothers principally in an arrange- 
printing ment whereby the message as transmitted 
telegraph ? : : : : 

: 1s printed in ordinary letters, at the rate 
of two or three hundred a minute. 

778. The method first proposed for communicat- 


Whatwas ing intelligence by electricity was by de- 
the first tele- 


eraonie flecting a compass-needle by causing a 


method ° 
proposed?  CUrent to pass along its length. 


Thus, if at a given point we place a galvanic battery, and at a hun- 
dred miles from it there is fixed a compass-needle, between a wire 
brought from and another returning to the battery, the needle will 
remain true to its polar direction so long as the wires are free from the 
excited battery; but, the moment connection is made, the needle is 
thrown at right angles to the direction of the current. The motion of 
the needle may thus be made to convey intelligence. | 

An instrument of this construction is stil] employed on the ocean- 
cable. The current of electricity deflects a needle which bears on its 
extremity a small mirror. On this mirror a beam of light is thrown, 
which is reflected on to a screen; and by means of the movement of 
the spot of light on the screen the messages are read. 

It is necessary, in conveying the wires from point to point, to sup- 
port them on the poles by glass or earthen cylinders, in order to insure 
insulation: otherwise the electricity would pass down a damp pole to 
the earth, and be lost. 

By means of what is known as the quadruplex instrument, four 
messages may be sent over the same wire at the same time. 

779. The idea that many persons have, that some substance passes 
along the telegraphic wires when intelligence is transmitted, is wholly 
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i i resses a false 
ous: the word “current,” as something flowing, exp 
ao to express electrical poes any 
idea, but we have no other term to exp peasy, DEP 
“ira asta We may, however, gain some idea ot w p 


: influence 
really takes place, and of the nature of the influence So AOE 


transmitted, by remembering that the earth and all ve the wires # 
a ; icity ; 1 disturb whena - 
irs of electricity; and if we 

stances are reservolrs 0 Ritriain 

ici iven point, as at Washington, 
this electricity at any giv + 

i t New York. Suppose 

its pulsations may be felt a es 
ees hic wire a tube extending from Washington to New ae ee 
cous filled with water: now, if one drop more is forced into th 


sage is com- 
municated ? 


occurs in the transmission of electricity. 3 
| are 
780, Electricity, through an electro-magnetic 


ilable for the can electri- 
rangement, can be made ava acts 


measurement of time, and by its agency to meas 
great number of clocks can be kept in a 


state of uniform correctness. 


The plan by which this 1s accomplished is ae sae 
A battery being connected with a principal clock, w a ee 

by means of wires with any number of clocks a g aise 
eae ‘ ach other, has the current regularly and Sonus y 
aoane Bae ee of the pendulum. This interruption is ae 
gee ae all the clocks included in the circuit ; and, Be accord- 
Se 1 breaking and making of contact, the indicators oF 
ae k move over the dial at a constantly uniform rate. 
ee ee ERO law of action in frictional electricity is, that 

ee ae ae like electricities at rest repel, and nuivaiathe 
pode eae. -, With electricity mn MO- action of 
with unlike attract, each other. ; : f the electrical 
; is somewhat different, since currents 0 Seas 
ae ee moving in the same direction attract 
same 


; upon each 
h other. The general law of this action may be tne? 
each other. 


stated as follows: — . : ea 
If electric currents flow 1n wires parallel to e 


tis the 
other, and have freedom of oe te What te 
wires are immediately disturbed. If the ¢ this 
1 i i action / 
currents are moving in the same direction, 
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the wires attract each other; if they are moving in 
Opposite directions, they repel each other; ar ie 

currents attract, and unlike repel. 
782. When the wires connecting the positive and 
How may a negative poles of a galvanic battery in 
action are coiled in the form of a helix, 


verted into 


a magnetic the helix becomes possessed of magnetic 
| _ properties. If such a helix be suspended 
in a horizontal plane, it points as a magnetic needle 
would, north and south; if it is suspended so as to 
move in a vertical plane, it acts as a dipping-needle. 


If two helices carrying currents are presented to each other th 
attrac: and repel, precisely as if they were magnets, according aé like 
or unlike poles are brought together. And, in ane all the = ee : 
of the magnetic needle may be imitated by a helix noise See 

783. From these and other like phenomena, M. Above has te 
What is pounded a theory which accounts for nearly all the phe- 
petra nomena of terrestrial magnetism. | 
erate He supposes that all magnetic phenomena are the 

result of the circulation of electrical currents. Eve 
molecule of a magnet is considered to be surrounded with ah t 4 
phere of electricity, which is constantly circulating around i ve 
difference between a magnet and a mere bar of iron bein that Te 
electricity which exists equally in the iron is at rest hae a 
the magnet it is in motion. The direction of these erryent circulati ‘ 
In a magnet is dependent upon the position in which the maen oe 
held. If the opposite or unlike poles of two magnets be eee ‘d 3 
end, the electric currents of each will be found running ne eae : 
and, as currents moving in the same direction attract each other th 
two poles will tend to come together. On the contrary, if the a é 
like poles be presented, the course of the currents aveisth each 7 
be in opposite directions, and a repulsion will result. : - 


ee 784. As an electric current passing 
magneto- round 1 oe 
ee the exterior of a bar of soft iron 

induces magnetism in it, so, on the con- 





ELECTRO-MAGNETISM. 497 


trary, 2 magnetized bar is able to generate an elec- 


tric current in a conducting wire surrounding it. 


Electricity thus produced by the agency of a mag- 
net is called magneto-electricity. 


This may be shown by introducing one of the poles of a powerful 


bar magnet within a helix of fine insulated wire (see Fig. 357), the 
ends of which are connected with a delicate galvanometer. 


The 


deflection of the needle will indicate the flow of an electric current 
every time the magnet enters or leaves the coil, — the direction of the 


current changing with the poles entered. 
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The same results will be obtained, if, instead of introducing and 
removing a permanent steel magnet, we continually change the polarity 


of a soft iron bar. 
To instruments constructed on these principles the 


name of 


What is the 
general con- 
struction of 
magneto- 
electric 
machines? 


magneto-electric machines is given. 


78s. Magneto-electric machines, arranged for devel- 
oping electricity by the re-action of a magnet, are con- 
structed in a great variety of forms. In some, perma- 
nent steel magnets are used; in others, temporary 
soft-iron ones, brought into activity by a galvanic cur- 
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rent. A common form of magneto-electric machine is represented in 
Fig. 358. 
It consists of a compound horseshoe magnet, S, Fig. 358, bolted to 
a mahogany stand arranged in such a manner that an electro-magnet, 
or armature, A B, mounted 
on an axis, revolvés in front 
of its poles, by turning a mul- 
tiplying wheel, W. This elec- 
tro-magnet, or armature, con- 
sists of two cores of soft iron 
wound about with fine insu- 
lated copper wire. The ends 
of the wire in these coils are 
kept pressed, .by means of 
springs, against a good con- 
ducting metal plate, which in 
turn is connected by wires with the screw-caps at the end of the base 
board. When the iron cores or axes of the coils are in front of the 
poles of the magnet, they become magnetic by induction. This sets 
in motion the natural electricity of the coil, or helices, which flows in 
a certain direction, and is conveyed through the Springs and wires to 
the screw-caps. 

If the armature be turned half round, the magnetism of the iron 
is reversed, and a second current is excited in the opposite direc- 
tion. | 

By turning the armature very rapidly, a constant current : passes 
What effects through the wires; and by connecting a small piece of 
may be pro- platinum wire in the circuit, it is rapidly rendered red 
snes ey OTL. By conveying connecting wires from the magneto- 
election electric machine into acidulated water, its decomposi- 
magnetic tion is effected ; and many chemical compounds may in 
machines? _jike manner be resolved into their ultimate constitu- 
ents. Machines also of this character may be used for electro-plat- 
ing. 

The effects of electricity thus generated, on the human system, are 
peculiar. If the two handles connected with the screw-caps of the 
machine are grasped by the hands, slightly moistened, and the arma- 
ture is made to revolve rapidly, the muscles are closed so firmly that 
the handles can not be dropped, and most powerful convulsive shocks 
are sent through the arms and body. | 





facilitating the transmission of sound, by means of an 
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786. Whenever an electric current flows through a 


wire, it excites another current in an Oppo- Can one elec- 
: : : ° : tric current 
site direction, in a second wire held near jaguce 


to and parallel with it. Its duration, how- 22°ther? 
ever, is only momentary. On stopping the primary 
current, induction again takes place in the secondary 
wire; but the current now arising has the same 
direction as the primary one. 


For taking advantage of this principle, and producing induced cur- 
rents of great power, various machines have been con- What is the 
structed. The arrangement of one, familiarly termed | construction 
Ruhmkorff's coil, Fig. 359, consists essentially of two of Ruhm- 
helices, one within the other; the inner coil being con- Kote. 
nected with the poles of a battery. On successively making and 
breaking the cur- | 
rent by an auto- 
matic arrange- 
ment shown at the 
right of the en- 
graving, a strong 
current is induced 


in the outer helix, = 


—————— F, 





as 


t h ose obtained TURAATETT = cee 
Fic. 359. ~ 


| E 


Us 
with .an electrical 
machine, or with powerful Leyden batteries. 

The effects of the coil may be employed like those of the galvanic 
battery. With two Bunsen batteries connected with the coil, a rabbit 
may be killed; and, with a somewhat larger number of elements, a 
shock sufficiently powerful to kill a man is produced. In passing the 
charge through a vacuum, particularly brilliant effects are noticed. 

787. Advantage has been taken of the passage of electricity for 
: ene What is the 
instrument called the Te/ephone, Fig. 360. This instru- construction 
ment will transmit the true properties of a sound,— and use of 
pitch, intensity, and quality. It consists of a permanent ae ony 
magnet, A, around one end of which, B, is coiled a helix 
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of copper wire, whose ends C C terminate in the screws DD. A 
vibrating plate E of soft iron is placed near the end of the magnet. 
On speaking into 
the mouth of the 
instrument, the 
plate is set vibrat- 
ing, and induces in 
the coil a current 
of electricity, which 
passes to the fur- 
ther end of the line; 
and, by acting on a 
similar plate of iron, reproduces the same vibrations, and hence the 
same sounds. Fig. 361 represents a telephonic circuit. A B are the 
Magnets; @ 
and 6 the 

vibrating 

plates. This 

is the sim- 

plest form 

of this in- 

strument. 

An electric 

battery is more commonly employed to furnish the electricity. 

788. The Microphone produces still more remarkable results. A 
small electric battery, a telephone-receiver, and the 
instrument shown in Fig. 362, complete the instrument. 
B is a pine board about six inches Square, to which are 
attached by means of sealing-wax two pieces of gas-carbon, C C. 

These serve to support an upright spin- 

i dle of gas-carbon, A. On placing this 

: | instrument in a telephonic circuit by the 
wires x y, “the tip of a soft camel’s-hair 
pencil, gently stroked along the table on 
| | = = | which the instrument is placed, is faith- 
AVA : » fully recorded as a loud rustling sound ;” 
a R= + and “the footfalls of the common house- 

RoR as oe fly, as it walks along the board, are heard 
with unmistakable distinctness by a per- 

son whose ear is at the distant telephone, although it may be miles away.” 


Nf 
SCS. LE , 2 
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Fic. 360. 


Describe the 
microphone. 


{ 
i 


ld i 


Fic. 362. 
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789. It has been demonstrated by Professor Fara- 
day that bodies not in themselves mag- Whatis a. 
netic may, mien placed under certain amseestic 
physical conditions, be repelled by suffi- 
ciently powerful electro-magnets. Such substances 
have been termed dzamaguetic and the phenomena 
developed have received the general name of Dia- 
magnetism. See 

Bodies that are magnetic are attracted by the poles 
of a magnet; bodies that are diamagnetic are repelled 
by the poles of a magnet. Magnetism may be re- 
garded as an attractive force, diamagnetism as a 


repelling one. 


Thus, if a bar of iron is suspended free to move in any direction, 

between the poles N S of a magnet, Fig. 363; 

the bar will arrange itself along a line which 

will unite the two poles; it places itself in the 

axial line, or along.the line of force. Such is 

the condition of a magnetic body. If a sub- ee 

stance of the diamagnetic class is placed in the same een a 

for example, a bar of bismuth — between the poles N S, Fig. 364, 2 
places itself across or at right angles to the 
axial line, or the line of force. 

Every substance in nature is in one or the 
other of these conditions. “It is a curious 
sight,” says Dr. Faraday, “to see a piece of 
wood, or of beef, or an apple, or a bottle of 

water, repelled by a magnet; or, taking the leaf of a tree, and hang ins 
it up between the poles, to observe it taking an equatorial position. 




















THE METRICAL SYSTEM OF WEIGHTS 


AND MEASURES. 


THE metric or French system of weights and measures, which js 


now generally employed in scientific works, is based upon the decimal 
4in. 1dm, R0tation. Its unit is the meter, which is defined to be 


"SONOIUT tno 


the 5900000 Of the distance on the earth’s surface from 
the equator to either pole. According to the original 
measurement, the meter was found to be 39.37 inches in 
length; but as more exact methods of measuring the 
length of the earth’s meridian have been introduced, this 
standard meter is not what it pretends to be, and is an 
arbitrary unit; so that while theoretically the meter is 
the so000000 Of the terrestrial meridian, actually it is 
the length of a bar of platinum deposited in the’ Palace 
of the Archives of France in Paris, from which copies 
are made. : 

All other measures, of surface and of solid contents, 
are derived decimally from the meter. The multiple 
units or higher denominations are named by prefixing 
to the name of the primary unit the Greek numerals, 
deka (10), hkecto (100), and myria (1,000). The sub- 
multiple units or lower denominations are named by 
prefixing to the name of the primary unit the Latin 
ordinals, decd (;'p), centé (z45), and milli (za/53)- 


MEASURES OF LENGTH. 


METRIC DENOMINATIONS, U.S. VALUE, 
1 Mil’li-me’ter 
10 Mil’li-me’ters,;— a7. = 1 Cen’ti-me'ter 


= .03937 in. 
& [KS , Be — [BR , 
io Cen 'ti-me'ters, 277, =1 Dec’i-me’ter — 


-3937 in. 
3-937 in. 
10 Dec/i-me’ters, diz. =1 Me'ter 39.37 in. 
10 Me’ters, M. =1 Dek’a-me’ter 32.809 ft. 
10 Dek’a-me’ters, Dm. = 1 Hek'to-me’ter = 19.8842 rd. 
10 Hek’to-me’ters, He, =1 Kil’o-me'ter — 6213 mi. 
10 Kil’o-me’ters, Kaz. =1 Myr'ia-me’ter = 6.2138 mi. 
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MEASURES OF SURFACE. 


100 Sq. Mil'li-me’ters (sg. mm.) = 1 Sg. cm. 0.155 Sq. in. 
100 Sq. Cen’ti-me’ters ——PeLS Tats 15.5 sq. in. 
I sg. m. 10.764 sq. ft. 
yoorea 2 ceiimeitcts aE 1 Centar (ca.) 1.96 sq. yd. 
_ (1 sg. Dm. 3.954 sq. rd. 

reoySq-aMeKele ae (re Az (as) .0247 acre. 


__ (1 Sg. Hm. 


100 Sq. Dek’a-me’ters = oMereCean 2.471 acres. 


100 Sq. Hek’to-me’ters = 1 sg. Km. .3861 sq. mi. 


MEASURES OF VOLUME. 


1,000 Cu. Mil’li-me’ters (cu. mm.) = 1 cu. cm. ==) .4-Q001sCH. 1N, 

epeaei __(1¢eu.dm. } _ { .0353 cu. ft. 
Bogen (Oise SNS at 1 Li'ter(Z.) )~ ! 1.0567 li. qt. 
cae I1cu. mM. 


(erat 
1,000 Cu. Dec’i-me’ters x Ster (s.) 


=} 35-3165 cu. ft. 


MEASURES OF CAPACITY. 


The Lilter is the unit of capacity, both of Liquid and of Dry Meas- 
ures, and is equal in volume to one cubic dec!t-me'ter. 
; DRY MEASURE. LIQUID MEASURE. 
1 Cen’ti-li’ter .6r cu. in. = .338 fluid oz. 
t Dec’‘i-liter 6.10 cu. in. = .845 gi. 
1 Li'ter .go8 qt. == 1.0567 qt. 
t Dek’a-li’ter 9.081 qt. = 2.64175 gal. 
1 Hek’to-li’ter 2.837 bu. = 26.4175 gal. 
28.37 bu. 
1.308 cu. yd. 
10 Kil/o-li'ters, K7Z.=1 Myr'ia-li’ter (M7.)= 283.72 bu. = 2641.75 gal. 


10-Mil'li-li'ters, 727. 
1o Cen'ti-li’ters, c/. 
10 Dec’i-li’ters, 7. 
10 LLi’ters, Th, 
10 Dek’a-li’ters, D2. 


10 Hek’to-li‘ters, H7. =1 Kil’o-li’ter or Ster = 


— 
—— 
— 
— 
— 
—— 
— 


= 264.175 gal. 


MEASURES OF WEIGHT. 
The Gram is the unit of weight, and is equal to the weight of a 


cubic cen'ti-me'ter of distilled water. 
10 Mil’li-grams, mg. =1 Cen’ti-gram 1543 ae a 
ti- cg. ==1 Dec’i-gram 1.5432 + gr. Tr. 
1o Cen’ti-grams, £7 , ie ue 
to Dec’i-grams, : 1 Gram =x ontay oe av 
“10 Grams : 1 Dek’a-gram 3527 x OZ. < 
9 
'a- .==1 Hek’to-gram 3.5274 + oz. Av. 
eee Kil’o-gram, 2.6792 |b. Tr. 
or, Kzl'o ~ t 2.2046 + Ib. Av. 
to Kil’o-grams, -==1 Myr'ia-gram = 22.046 -+ Ib. Av. 
OMI EGE =1 Quin’tal = 220.46 + Ib. Av. 
Kil’o-grams 3 
eae eal ( Tonneau, or ) __ 2204.62 -+ lb, Av. 
ere Fee Tore ~~ ?1.1023 -¢ tons. 
1,000 Kil’ os, e 


10 Hek’to-grams, 


A il 


— SSS 


—— 
————S——_SFSSSSSS 
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or the weight of a kilogram raised to. the height of one meter from 


In place of the foot-pound the metric system uses the £ilocrammeter; 


the surface of the earth. 


I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 


foot-pound = 0,13825 kilogrammeter. 


kilogrammeter = 7.23 foot-pounds. 
inch = 2.540 centimeters, 

foot = 3.048 decimeters, 

yard =0.9144 meters. 

mile = 1.6093 kilometers. 

Sq. in. = 6.452 sq. centimeters. 
sq. ft. = 9.2903 sq. decimeters. 
Sq. yard = 0.8361 sq. meter. 
acre 0.4047 hektar. 

sq. mile = 2.590 sq. kilometers. 
cu. in. = 16.387 cu. centimeters. 
cu. ft. = 28.317 cu. decimeters. 


I 
I 
I 
I 
I 
T 
I 
I 
I 
I 
I 
I 


cu. yard =0.7645 cu. meter. 
liquid quart = 0.9463 liter. 
gallon = 0.3785 dekaliters. 

dry quart =1.1o1 liters. 
peck = 0,881 dekaliter, 

bushel = 3.524 dekaliters. 
ounce av. = 28.35 grams. 
pound av. =0.4536 kilogram. 
T. (2,000 Ibs.) =0.9072 met. ton. 
grain Troy = 0.0648 gram. - 
ounce Troy =31.1035 grams. 
pound Troy =0.3732 kilogram. 
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ABERRATION, chromatic, 361. 
spherical, 362. 

Accommodation of eye, 394, 399. 

Acoustics, 200. 

Actinism, 378. 

Action and re-action, 62. 

Adhesion, 18. 

Affinity, 18. 

Air, buoyancy of, 197. 
compressibility of, 171, 173. 
capacity of, for moisture, 291. 
constituents of, 169. 
density of, 172. 
elasticity and expansibility of, 171. 
how heated, 240, 249. 
impenetrability of, 170. 
inertia of, 170. 
momentum of, 198. 
thermometer, 261. 
weight of, 172. 
when rarefied, 173. 
when saturated, 291. 

Air-pump, 184. 

Ampére’s theory of magnetism, 496. 

Analysis, spectrum, 374. 

Anemometer, 308. 

Angle, defined, 69. 

incidence and reflection, 68. 
visual, 396. 

Annealing, 24. 

Aqueous vapor, 291. 

Armature of a magnet, 416. 

Arms of a lever, 93. 

Artesian wells, 131. 

Astatic system, 486. 

Athermanous substances, 250. 

Atmosphere, 169. 

effect of, on diffusion of light, 
27. 
stonosed height of, 182. 
weight of, 182. 
Atmospheric electricity, 452. 
pressure, 183. 
refraction, 345, 


Atoms, 8. 
Attraction, 17. 
capillary, 18, 143. 
cohesive, 17. 
molecular, 17. 
Aurora borealis, 456. 
Average temperature, 289. 
Avoirdupois weight, 34. 
Axis of a body, 76. 
of a lens, 352. 


optic, 397. 


Balance, 98. 
spring, 88. 
torsion, 440. 
Balance-wheel, 53. 
Balloon, 197. 
Barker’s mill, 161. 


| Barometer, aneroid, 180. 


as a weather indicator, 181. 
construction of, 177. 
how used for measuring 
heights, 182. 
water, 180. 
wheel, 179. 
Battery, electrical, 444. 
galvanic, 463. 
Beats, 208. 
Bellows, hydrostatic, 125. 
Belts, communication of motion by, roz. 
Bodies, falling, laws of, 48. 
form of, dependent on heat, ro. 
changed by centrifugal 
force, 77. 
heavy and light, 32. 
luminous, 316. 
opaque, 317. 
transparent, 317. 
when float in air, 197. 
Body, 4. 
hot, 228. 
when stands most firmly, 42. 
where will have no weight, 32. 
Boiling-point, 267. 
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Boiler-flue, 286. 

oiler, steam, 284. 
Breast-wheel, 161. 
Breezes, land and sea, 310. 
Brittleness, 23. 


Bunsen and Kirchhof’s researches, 373. 


Buoyancy, 135. 
of air, 197. 
of liquids, 135. 
Burning-glasses, 251. 
mirrors, 335. 


Camera-obscura, 391. 
Canals, 133. 
Capillary attraction, 18, 143. 
Catoptrics, 340. 
Center of gravity, 36. 
optical, 352. 
Centrifugal force, 72. 
Centripetal force, 73. 
Chain-pumps, 16s. 
Chemical action, 233. 
Chemistry, 1. 
Chord in music, 217, 
Chromatic aberration, 361. 
Climate, 289. 
Circuit, galvanic, 463. 
Clock, common, 53. 
electric, 495. 
water, 154. 
Clouds, 297. aoe 
average height of, 298. 
classification of, 299. 
formation of, 298. 
Cogs on wheels, ror, 
ohesion, 17. 
Cold, 227. 
Collision of bodies, 6s. 
Color and sound compared, 359. 
cause of, 362. 
dependent on temperature, 379. 
Colors, complementary, 365. 
of thin plates, 383. 
primary, 357. 
Compass, 418. ° 
Composition of white light, 357- 
Compound levers, 96. 
motion, 70, 
Compressibility, 10, 
of gases, 171. 
of ‘liquids, 118. 
Concord in music, 217. 
Condensation, 263. 
Condensing-machines, 186. 
Conduction of heat, 237. 
of electricity,-429. 
Conjugate foci, 334. 
Convection of heat, 237. 
Cords, vibration of, 218. 
Cranes, 106. 
Crank, 115. 
Crystallization, 20, 
Currents, electric, how exert their influ- 
ence, 484, 





Dark lines of spectrum, 372. 
Dead point explained, 116. 
Declination of needle, 421. 
Density, 9. 
Derrick, 106. 
Descent on inclined planes, 51. 
Dew, 293. 
point, 293. 
Diamagnetism, soz. 
Diathermanous substances, 250, 
Diffraction of light, 384. 
Diffusion, 148. 
of heat, 227. 
‘ of vapors, 266. 
Dioptrics, 348. 
Direction, line of, 41. 
Discharge, 424. 
Discharging rod, 438. 
Discord in music, 217, 
Dispersion of light, 357, 
Distillation, 270. 
Divisibility, 6, 
Dry piles, 467. 
Ductility, 21. 
Duration of electric spark, 449. 
of visual impressions, 400. 
Dynamometer, 88. 


Ear, 222. 
Earth, as a source of heat, 232. 
cause of present form of, 77. 


physical features of, and winds, 309. 


the reservoir of electricity, 432. 
Earth’s attraction, law of, 30. 
Ebullition, 267. 

Echo, 209. 
Elasticity, 22. CN 
Electrical battery, 444. 
induction, 432. 
machines, 434. 
Electricity, 425. 
atmospheric, 452. 
attraction and repulsion, 426. 
chemical effects, 476. 
conductors of, 429. 
density of, 431. 
development of, 425. 


frictional and galvanic, com-’ 


pared, 471. 
galvanic, 459. 
how excited, 461. 
discovery of, 460. 
intensity of, 472. 
quantity of, 472. 
theory of, 465. 
heating effects, 446, 474. 
kinds of, 426. 
luminous effects, 448, 475. 
magneto-, 496. 
physiological effects, 473. 
secondary currents of, 499, 
theories of, 428. 
thermo-, 482. 
velocity of, 449. 
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INDEX. 


Electrodes, 464. 
Electrolysis, 476. 
Electro-magnetism, 484. 
Electro-magnets, 488. 
Electrometer, 440. 
Electro-metallurgy, 478. 
Electro-motive force, 462. 
Electrophorus, 438. 
Electroscope, 439. 
Elements, 5. 
Endosmose, 147. 
Energy, 83. 

Engine, steam, 279. 
Equator, magnetic, 422. 
Equilibrium, 38. 


law of, in all machines, oz. 


Evaporation, 263. 

: tatent heat of, 272. 
Exhausting syringe, 184. 
Exosmose, 147. 

Expansibility, ro. 

Expansion by heat of gases, 257. 
of liquids, 254. 
of ‘solids, 252. 

Eye, 301. 


Falling bodies, laws of, 48. 
Far-sightedness, 395. 
Filtration, 12. 
Fire, 229. 
Flame, 229. 
Floating bodies, 141. 
Fluids, 20. 
Fluorescence, 380. 
Fly-wheel, 11. 
vont: 334. 
Og, 297. 
Foot-pound, 86. 
Force, 15. 
application of, 83. 
electro-motive, 462. 
indestructible, 85. 
magnetic, 441. 
molecular, 17. 
real nature of, 16, 
Forces, great, of nature, 15. 
Force-pump, 194. 
Fraunhofer’s \ines, 372. 
Freezing mixtures, 273. 
Friction, 11. 
advantages of, 114. 
Frost, 296. 
Fulcrum, 93. 


Galvanism, 459. 

Galvanometer, 485. 

Gamut, 217. 

Gases, 19. 
expansion of, by heat, 257. 
specific gravity of, 139. 
transmit pressure, 183. 

Gasometer, 187. 

Gauge, barometer or steam, 287. 
rain, 302, 


Glass, opera, 405. 
Grain weight, 34. . 
Gravitation, attraction of, 28. 
terrestrial, 30. 
Gravity and falling bodies, 47. 
center of, 36. 
specific, 136. 
Gyroscope, 78. 


Hail, 305. 


‘| Halos, 370. 
|| Hardness, 23. 


Harmonics, 217. 
Heat, 227. 
absorption of, 248. 
animal, 234. 
communication of, 237. 
conduction of, 237. 
convection, 237. 
effects of, 251. 
expansion by, 252. 
extremes of, 232. 
imponderable, 228. 
latent, 251. 
and light, 229. 
mechanical equivalent of, 236. 
measuring, 258. 
radiation of, 237. 
reflection of, 247. 
sensible, 251. 
sources of, 230. 
specific, 276. 
theory of, 229. 
transmission of, 249. 
‘vital, 234. 
Helix, 488. 
Horse-power, 86. : 
Humidity, absolute and relative, 292. 
Hurricane, 312. 
Hydraulic ram, 166. 
Hydraulics, 151. 
Hydrometer, 137. 
Hydrostatic bellows, 125. 
paradox, 121. 
press, 122. 
Hydrostatics, 118. 
Hydrometer, 292. 


Images, 328. _ 

by mirrors, 329. 

by lenses, 354. 

inverted in eye, 396. 

multiplied, 332. 
Impenetrability, 6. 

of air, 170. 
Incandescence, 229. 
Inclined plane, 107. 
Induced currents, 496. 
Induction, electric, 432. 
magnetic, 413. 

Inertia, 10. 
Insulation, 430. 
Intensity of light, 362. — 
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Intensity of luminous, calorific, and chem- | Magnetic induction 413 
ical rays in solar spectrum, 379. meridian, 420 : 


of sound, 204. 
Interference, 156. 
of sound, 207. 
; of light, 382. 
Intermittent springs, 196. 


Jar, Leyden, 44r. 
Foule’s equivalent, 236. 


Kaleidoscope, 333. 


Lantern, magic, 407. 
Law, physical, ue d 
Lens, 350. 
achromatic, 361. 
axis of, 352. 
focal distance of, 352. 
optical axis of, 352. 
Level, spirit, 133. 
Lever, 93. 
compound, 96. 
equilibrium of, 94. 
kinds of, 93. 
Leyden jars, 441. 
Light, 315. 
absorption of, 325. 
chief sources of, 316, 
diffraction of, 384. 
dispersion of, 357. 
electric, 475. 
intensity of, 320. 
interference of, 382. 
polarization of, 386. 
propagation of, 317. 
ray of, 318. 
reflection of, 326. 
} total, 344. 
refraction of, 340. 
double, 385. 
theory of, 315. uae 
; velocity of, 322. 
Lightning, 453. 
Lightning-rods, 455. 
Limit of elasticity, 22, 
Line, vertical, 46. 
Liquefaction, 19. 
absorptio i 
eeteiaen ption of heat in, 272. 


equilibrium of, in connecting ves- 


sels, 129. 
pressure of, 120, 


spheroidal state, 266. 
Locks, canal, 133. : 


Machines, 89. 
Machinery, elements of, 2. 
magnetic, 480. ° 
Magdeburg HeLnSpher se ae 
Magic lantern, 407. 
Magnetic curves, 415. 
dip of needle, 419. 
equator, 422, 





needle, 418. 
_ poles of earth, 422. 
Magnetization, by action of earth, 414. 
by currents, 487. 


how accomplished 
Magnetism, 411. een soe 


earth’s, 421. 
electro-, 484. 
theory of, 416. 
Magneto-electricity, 496. 
Magnets, 410. 
broken, 417. 
influence of heat on, 416. 
_. , poles of, 412. . 
Magnifying-glasses, 355. 
Magnitude, 5. 
center of, 36. 
Malleability, 21. es 
Maritotte’s law, 173. 
Matter, 4. 
divisibility of, 7. 
indestructible, 12. ° 
three states of, 18. 
Mechanical equivalent of heat, 236. 
_ powers, 92. 
Medium in optics, 340. 
Melody, 217. 
Melting-point, 264. 
Meridian of earth, 420. 
Meteorology, 289. 
Microphone, 500. 
Microscope, 4or. 
solar, 408. 
Mirage, 346. nS 
Mirrors, 327. 
burning, 335. 
concave, 354. 
convex, 338. 
Mists, 297. ee 
Mobility, 15. 
oisture in atmosphere, 291. 
Molecules, 8. : ee 
Momentum, 60. 
Monsoons, 309. 
Motion, 58. 
circular, 72. 
compound, 71. 
perpetual, 89. 
reflected, 68. . 
rotary and rectilinear, 115. 
_ . simple, 70, 
“Musical scale, 218, 


Natural philosophy, rz. 

Neseceneane = he 

Needle, dipping, 419. 
magnetic, 418, 

Neutral line of magnet, 411. 

Newton's rings, 382. 

Nodes, 217. 

Notes in music, 218. 

Nut of a screw, 111. 


Octave in music, 217, 
Opera-glasses, 405. 
Optical instruments, 400. 
Optic axis, 397. 
Overshot wheel, 160. 


Pane, fulminating, 441. 
Paradox, hydrostatic, 12r. 
Pendulum, 52. 
compensating, 55. 

Penumbra, 320. 
Perpetual motion, 89. 
Phases of waves, 156. 
Phonograph, 221. 
Phosphorescence, 316. 
Photography, 380. 
Photometer, 321. 
Physics, 2. 
Pile, voltaic, 466. 
Pipes, organ, 220. 
Pitch in sound, 214. 
Plane, inclined, 107. 
Plumb-line, 46. 
Pneumatics, 169. 
Polarization of light, 386. 
Poles, magnetic, 411. 

of galvanic battery, 463. 
Porosity, 8. 
Power, 59. 

and weight, go. 

Press, hydrostatic, 122. 
Prisms, 349. 
Pulleys, 103. 
Pump, air, 184. 

chain, 165. 

suction, It. 
Pyrometer, 261. 


Radiometer, 246. 
Rain, 301. 
Rainbow, 366. 
Rain-gauge, 302. 
Ram, hydraulic, 166. 
Ray, 318. i 
Recomposition of white light, 360, 
Reed pipes, 220. 
Reflection of heat, 247. 
of light, 326. 
of sound, 208. 
total, of light, 344. 
Refraction, atmospheric, 371. 
by lenses, 352. 
by parallel surfaces, 348. 
by prisms, 349. 
double, of light, 385. 
index of, 344. 
of heat, 25r. 
of sound, 212. 
single, of light, 340. 
Relay instruments, 492. 
Repulsion, 17. 
electric, 426. 
magnetic, 412. 
Resistance, 59. 


INDEX. 


Resonance, 209. 

Rest, 58. 

Resultant, 71. 
Ruhmkorff’s coil, 499- 


Safety-valve, 287. 
Savart's wheel, 214. 
Scales, 99. 
Screw, rio. 
of Archimedes, 164. 
propeller, 158. 
Segments, ventral, 217. 
Shadows, 319. 
Shock, electric, 434. 
Signal-key, 493. 
Simmering, 268. 
Sine of angle, 343. 
Simoom, 311. 
Siphon, 195. 
Snow, 304. 
Softness, 23. 
Solar microscope, 408. 
spectrum, 358. 
properties of, 378. 
Solids, 19. 
specific gravity of, 136, 
Solution, 262. 
Sonometer, 218. 
Sonorous body, 203. 
Sound, 200. 
propagation of, 203. 
interference of, 207, 
reflection of, 208. 
refraction of, 212, 
velocity of, 206, 
musical, 214. 
Sources of heat, 230. 
of light, 316. 
Spark, electric, 448. 
Specific gravity, 136. 
heat, 276. 
Spectacles, 401. 
Spectrum, 358. . 
analysis,. 374. 
dark lines of, 372. 
properties of, 378. 
Spectroscope, 373- 
Spheroidal state, 266. 
Springs, intermittent, 196. 
origin of, 132. 
Spirit-level, 133. 
Spy-glass, 405. 
Stability of bodies, 38. 
Steam-boiler, 284. 
high pressure, 279. 
superheated, 279. 
Steam-engine, 279. 
Steam-gauge, 287. 
Stereoscope, 398. 
Still, 270. 
Sublimation, 271. 
Suction-pumps, 19I. 
Sun, as source of heat, @30. 
constitution of, 377. 
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Sun, light of, 322. 
urface, 5. 
level, 46. 
spherical, 129. 
Syren, 215. 
System of wheels, ‘ror. 


Tackle and fall, 106. 
Telegraph, 491. 
Telephone, 499. 
Telescope, 404. 


Temperature, absolute zero of, 232. 


average, 289. 
extremes of, 232. 
Tenacity, 23. 
Theory, physical, 2. 
Thermo-electricity, 482. 
Thermometer, 258. 
Thread of screw, x11. 
Thunder, 454. 
Tides, 30. 
Timbre, 216, 
Tone in sound, 214. 
Tornado, 312. 
Torsion balance, 440. 
Troy weight, 34. 
Tubes, capillary, 144. 
Turbine wheel, 162. 


Undershot wheel, 160, 
nison, 217. 


Vacuum, 176, 
Valve, 193. 

safety, 287. 
Vaporization, 263. 
Variation, lines of no, 421. 
Velocity, 59. 
Vena contracta, 153. 
Ventral segments, 217. 
Vertical line, 46. 
Vibrations, nature of, 2or, 
Views, dissolving, 408, 


INDEX. 


Vision, angle of, 396. 
double, 397. 
phenomena of, 390. 

Voltaic pile, 466, 

Volume, 6. 


Water, as a motive power, 159. 


boiling, temperature of, 267. 


composition of, 118. 
compressibility of, 119. 
decomposition of, 476. 
elasticity of, 118. 
greatest density of, 255. 
how heated, 242. 


how high rises in pump, 193. 


Water-clock, 154. 
Water-level, 133. 
Water-spout, 313. 
Water-wheels, 159. 
Wave, 156. 
interference of, 156. 
Wedge, 109. 
Weight, 31. 
im machines, go. 
specific, 136, 
Weights and measures, ERY 
Welding, 25. 
Well-sweep, 164. 
Wells, artesian, 131. 
water in, 132. 
Wheel and axle, 100. 
barometer, 179. 
COg, 101. 
Wheels, water, 160. 
Wheelwork, ror. 
Whistle, steam, 288. 
Wind instruments, 220, 
Winds, 307. 
trade, 308. 
variable, 311. 
Work of different forces, 86. 
Working-point in machinery, go, 


Yard, 34. 
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SWINTON’S GEOGRAPHIES. 


“The famous Two-Book Series,” 


By Pror. WILLIAM SWINTON, 


“CONSISTING OF 


Il. INTRODUCTORY GEOGRAPHY, in Read- 


ings and Recitations; and 


Il. GRAMM AR-SCHOOL GEOGRAPHY, Phys- 


ical, Political, and Commercial. 


The Geographies are fresh and progressive in character, 
and meet with great favor everywhere. 

The Grammar-School Geography is published 
in six different editions, treating the local geography of 
different sections. 


iti ini hirty-three 
1. New-England Edition, containing supplement of thirty 
pages, with special text and maps, for the New-England States. 


. Middle-States Edition, with special supplement of thirty-one 
pages, for the Middle States and the District of Columbia. 


. Southern-States Edition, with supplement of thirty-seven 
pages, for the Southern States. 


. East-Central States Edition, with supplement of thirty-three 
pages, for the East-Central States. 


. West-Central States Edition, with supplement of thirty-eight 
pages, for the West-Central States and the Territory of Dakota, 


. Pacific-States Edition, with supplement for the Pacific High- 
land and Coast States and Territories. 


Both the Introductory and Grammar- School 
Geographies are new works, thoroughly modern in 
treatment, and handsomely illustrated. 

The maps and statistics are fresh and reliable, and every 


effort is made to keep them up to date in all particulars. 


* * Liberal Terms for Supplies for Examination or 
Lntroduction. 


IVISON, BLAKEMAN, TAYLOR, & CO. 
New York and Chicago. 














a 
SWINTON’S READERs. 


An Entirely New Series of School Reading Books, 


PRoF. WM. SWINTON, 





ie Church, 
Dielman, F redericks hers, and were drawn 
expressly for these 





; and face, 
andsomely j b One volume ; 


Pages. 


II. Swinton’s Se 
Is is also a be 
grading, for the ity < its li : 
the jdevelopment Illustrated, and bound in 
cloth. 





entitled « 
Illustrated, 


Oice selections for 
t contains also 
ly on “ Usefy] 

Illustrated, and | 


Fifth Reader an is book con- 
nt exercj i recitation, and 
i i ini iginal feature is the 

»” presented 

in cloth, 


we Sample Pages and Sul descriptive circulars, by Mmatl, to teachers 
and educationzsts. 


"4" A set of the Readers, frozy the First to the Lith, enclustue, sent to 
any leacher or educationist on receipt of $r. 75. 


IVISON, BLAKEMAN, TAYLOR, & CO, 
New York and Chicago. 
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